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ABSTRACT
Objective and background. While the potential role of psychological factors in the
aetiology of breast cancer has long been a topic of considerable scientific and public
interest, little reliable epidemiological evidence has thus far accumulated on this issue.
This study prospectively investigated the relationship between psychological stress,
personality and risk of breast cancer.
Methods. The source population comprised 13,176 women, aged 18 years or more,
from the population-based Finnish Twin Cohort. In health questionnaires mailed in
1975 and 1981, participants completed at least one of the following previously vali-
dated stress and personality measures: self-perceived stress of daily activities accord-
ing to Reeder (n = 10,519), a 21-item life event inventory (n = 10,808, included only in
the 1981 questionnaire), life satisfaction according to Allardt (n = 12,032), Eysenck
neuroticism (n = 11,941), Eysenck extroversion (n = 12,009), Bortner type A behaviour
(n = 11,272) and a brief measure of hostility (n = 10,682, included only in the 1981
questionnaire). The questionnaires also provided data on known breast cancer risk fac-
tors. From 1976 to 1996, all incident cases of breast cancer (n = 270, among the source
population) were identified by record linkage with the Finnish Cancer Registry. Stan-
dard cohort analyses were based on Cox proportional hazards models which provided
hazard ratios (HR) and their 95% confidence intervals (CI) of breast cancer by stress/
personality factors. As a complementary approach, we conducted a nested case-control
study of twin pairs discordant for breast cancer.
Results. As expected, breast cancer risk was affected by known breast cancer risk
factors such as age, nulliparity and late age at first birth.
After adjustment for potential confounding factors, breast cancer risk was not affected
by any of the following stress and personality factors: stress of daily activities (multi-
variable HR for continuous score = 1.04, 95% CI 0.91–1.20), life satisfaction (0.99,
0.86–1.14), neuroticism (0.91, 0.79–1.02), extroversion (1.01, 0.88–1.16), type A
behaviour (1.10, 0.96–1.26) and hostility (1.01, 0.87–1.17). These results appeared
robust in multiple confirmatory analyses, e.g., when assessment of stress/personality
and potential confounding factors was based on repeated measurements.
In contrast, both the accumulation of life events and single major life events increased
breast cancer risk, and these relationships did not attenuate after adjustment for poten-
tial confounding factors, which also included body mass index, alcohol use, smoking
and physical activity. Thus, the multivariable HR per one event increase in the total
number of life events (possible range 0–21) recorded for the five years prior to the
1981 questionnaire compilation was 1.07 (95% CI 1.00–1.15); this risk estimate rose
to 1.35 (95% CI 1.09–1.67) when only major life events were taken into account. Inde-
pendently of total life events, divorce/separation (HR = 2.26, 95% CI 1.25–4.07), death
of husband (HR = 2.00, 95% CI 1.03–3.88) and death of close relative/friend (HR =
1.36, 95% CI 1.00–1.86) were associated with increased risk of breast cancer.
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No substantial joint effects of the stress/personality factors on breast cancer risk were
observed. The discordant pair analyses provided results similar to those of the cohort
analyses thus giving further credence to the overall findings and suggesting that famil-
ial factors are not important in the relationship between stress/personality and breast
cancer risk.
Conclusions. These data do not support the existence of an important role for self-
perceived stress and personality in the aetiology of breast cancer but do suggest one for
life events. The null findings have a direct bearing on women’s quality of life by de-
creasing breast cancer-related worry. The life event findings are intriguing, particu-
larly in light of the possibility that life events may be a marker of some as yet unknown
but potentially modifiable life-style characteristic that increases breast cancer risk;
nevertheless, these findings should be interpreted with caution until repeated in other
methodologically sophisticated studies.
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1. INTRODUCTION
Breast cancer is the most common cancer among women world-wide, with the highest
incidence rates occurring in North America and in Western and Northern Europe (Parkin
et al., 1999). Although a number of breast cancer risk factors, such as certain character-
istics of a woman’s reproductive life and life-style, have been identified (Key et al.,
2001), substantial gaps remain in current knowledge on aetiology of the disease. Fur-
thermore, many of the known risk factors are relatively unmodifiable in a practical
sense thus limiting the means for primary prevention. Not surprisingly then, for women,
breast cancer represents a dreaded disease, with somebody in almost everyone’s per-
sonal network afflicted with it, often for unknown reasons.
Psychological factors, such as stress and personality, are widely thought to have a role
in the aetiology of breast cancer, with questionnaire surveys in Western countries esti-
mating that 40% of the general public and more than 20% of clinicians and public
health researchers believe that stress contributes to the risk of contracting the disease
(Baghurst et al., 1992; Steptoe and Wardle, 1994). While the roots of such beliefs can
be traced back to anecdotal clinical observations collected mostly during the 18th and
19th centuries (LeShan et al., 1959), it was not until the past few decades that the rela-
tionship between psychological factors and breast cancer risk began to be systemati-
cally investigated with the necessary research tools. Within the fields of psychoneu-
roendocrinology and -immunology, this has led to identification of potential hormonal
and immunological mechanisms through which psychological factors might exert their
effects on breast cancer risk (Hilakivi-Clarke et al., 1993; Cohen and Herbert, 1996).
Evidence from observational epidemiological studies, the only scientific study design
enabling direct assessment of the effects of psychological factors on breast cancer risk
within human populations, has remained limited.
To date, many case-control studies (reviewed in McGee et al., 1996; McKenna et al.,
1999; Petticrew et al., 1999; Butow et al., 2000) of variable methodological quality
have reported moderate size relationships between stress/personality and an increased
risk of breast cancer, but these relationships have generally not been confirmed in
prospective cohort and record-linkage studies (e.g., Ewertz, 1986; Hahn and Petitti,
1988; Kvikstad et al., 1994; Bleiker et al., 1996; Kvikstad and Vatten, 1996; Johansen
and Olsen, 1997). These latter studies are, however, scarce and have measured rela-
tively few of the stress and personality factors suggested to be of relevance based on
case-control studies and/or psychological theories of cancer/disease-proneness. Thus,
the available epidemiological data do not suffice to either completely contradict or
establish a relationship between stress, personality and risk of breast cancer.
Clarifying this relationship has important implications for physicians and other health
care practitioners in terms of providing women with accurate knowledge about breast
cancer causation and, at least with null results, reassurance. Any increased or decreased
breast cancer risk in relation to stress/personality might provide clues about new re-
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search avenues worth exploring and thus improve our understanding of the aetiology
of breast cancer in the long run.
This study investigated the relationship between stress, personality and risk of breast
cancer in women from the Finnish Twin Cohort who were followed up for breast can-
cer through record linkage to the Finnish Cancer Registry from 1976 to 1996.
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2. EPIDEMIOLOGY OF BREAST CANCER:
A literature review
2.1 Descriptive epidemiology of breast cancer
Breast cancer is the most common non-cutaneous cancer and the leading cause of can-
cer death among women world-wide (Parkin et al., 1999). In Finland, 3,471 new cases
of female breast cancer were diagnosed in 1999, accounting for 32% of all incident
cancers in women (Finnish Cancer Registry, 2002). The overall five-year survival rate
of breast cancer in Finland is 80% (Dickman et al., 1999); 844 breast cancer deaths
were documented in 1999 (Finnish Cancer Registry, 2002).
Breast cancer incidence is more than 100 times higher in women than in men, increas-
ing with age (Kelsey and Horn-Ross, 1993). However, the rate of increase with age is
not steady, as it is for most other major cancers, but shows a rapid increase from early
adulthood until about 50 years of age, slowing thereafter. Thus, the highest rate of
increase is seen between menarche and menopause. This and the high female-to-male
ratio of breast cancer provide the first clues of the importance of reproductive factors
and female hormones in the aetiology of the disease.
The age-adjusted incidence of breast cancer has risen steadily in Finland over the past
five decades (i.e., the whole period for which reliable cancer registration data are avail-
able), from 25.8 per 100,000 in 1953–1957 to 79.7 per 100,000 in 1999 (Finnish Can-
cer Registry, 2002), with a small peak occurring consequently to the introduction of
mass screening by mammography in 1987 (Hakama et al., 1997). It is noteworthy that
the rise in incidence has coincided with improvements that have taken place in the
standard of living in Finland and the westernization and urbanization of life-style. In a
recent Nordic study predicting cancer incidence up to the year 2020, the increasing rate
of breast cancer was estimated to persist (Moller et al., 2002).
Breast cancer incidence varies about five-fold world-wide, with the highest rates oc-
curring in North America and in Western and Northern Europe and the lowest in Africa
and Asia (Parkin et al., 1999). The incidence also varies between different parts of
Finland, being highest in urban regions, particularly within the Helsinki region, and
lowest in rural settings (Pukkala et al., 1997). Breast cancer is more common among
women belonging to a high social class than among those with lower social standing
(Pukkala and Weiderpass, 1999).
2.2 Analytical risk factors for breast cancer
The apparent increase in the incidence of breast cancer over the past few decades within
many populations and the evidence that breast cancer risk changes in populations mi-
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grating from low to high incidence countries (Ziegler et al., 1993) suggest that environ-
mental (non-genetic) risk factors are of great importance in the aetiology of the dis-
ease. A recent study of three large population-based twin cohorts in Denmark, Sweden
and Finland estimated that environmental factors account for about three-fourths of the
variation in susceptibility to breast cancer (Lichtenstein et al., 2000).
A number of breast cancer risk factors, many of which are related to a woman’s repro-
ductive life and thus to female hormones (Key and Verkasalo, 1999; Key et al., 2001),
have been identified (Table 1). Other life-style factors, such as obesity and alcohol
consumption, also seem to be relevant. Breast cancer is therefore considered to be a
hormone-dependent and a life-style disease. The aetiology of the disease differs some-
what according to the age at diagnosis (Tryggvadóttir et al., 2002), pre- and postmeno-
pausal breast cancer representing the two large entities; the life stage at which expo-
sure to risk factors occurs may also be a crucial factor in modifying subsequent disease
risk (e.g., Friedenreich et al., 1998; Lash and Aschengrau, 1999). The remainder of this
TABLE 1. Risk factors for breast cancer.  
Factor High risk Low risk 
   
General risk indicators   
Age Old Young 
Sex Female Male 
Geographic location  Developed country Developing country 
Residence Urban Rural 
Socioeconomic status High  Low 
   
Reproductive and hormonal factors   
Age at menarche Early Late 
Age at menopause Late Early 
Age at birth of first child Late Early 
Parity Low High 
Breastfeeding  No Yes 
Use of oral contraceptives Yes No 
Hormonal replacement therapy Yes No 
   
Life-style factors   
Height Tall Short 
Weight 
   Premenopausal breast cancer 
   Postmenopausal breast cancer 
 
Low 
High 
 
High 
Low 
Alcohol consumption Yes No 
Physical activity Low High 
   
Other   
Family history of breast cancer Yes No 
Benign breast disease Yes No 
Mammographic parenchymal pattern High density Low density 
Ionizing radiation Yes No 
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section focuses on established breast cancer risk factors and the proposed risk factors
of particular importance in the present context (e.g., smoking because of its close rela-
tion to stress and personality).
Reproductive and hormonal factors
Early age at menarche, late age at menopause, late age at first full-term pregnancy and
nulliparity are well-established risk factors for breast cancer (Kelsey et al., 1993). Much
of the effects of these factors have been suggested to reflect the actions of oestrogens
(particularly oestradiol), female hormones which are required for the normal growth
and function of the mammary gland but also known to have a critical role in the devel-
opment of breast cancer (Key and Verkasalo, 1999; Key et al., 2001). A recent re-
analysis of nine prospective studies on blood levels of endogenous sex hormones and
risk of breast cancer in postmenopausal women reported a two-fold risk of the disease
with high levels of oestradiol (The Endogenous Hormones and Breast Cancer Collabo-
rative Group, 2002). The precise mechanism of the action of oestradiol remains ob-
scure but probably involves stimulation of the mitotic activity in breast epithelial cells,
thus increasing the chance of occurrence of mutations that heighten breast cancer risk
(Key and Verkasalo, 1999). The roles of sex hormones other than oestrogens in breast
cancer aetiology are less clear, but at least androgens and progesterone are probably
involved (Key and Verkasalo, 1999; The Endogenous Hormones and Breast Cancer
Collaborative Group, 2002).
As for the effect sizes of the reproductive risk factors, each year that menarche is
delayed has been estimated to be associated with an approximately 5% reduction in
breast cancer risk (Hunter et al., 1997). At the other end of the reproductive life, each
year that menopause is delayed increases the risk by about 3% (Collaborative Group
on Hormonal Factors in Breast Cancer, 1997).
The lower a woman’s age at first full-term pregnancy, the lower the risk of breast
cancer. A meta-analysis of eight Nordic studies including a total of 5,568 breast cancer
cases (Ewertz et al., 1990) showed a trend of increasing risk with increasing age at first
birth, with women giving birth at the age of 35 years or older having a 40% increased
risk compared with those who have their first birth before the age of 20. Early age at
subsequent births has been reported to have an independent but weaker protective ef-
fect (Chie et al., 2000; Wohlfahrt and Melbye, 2001).
Parity per se has a lifetime protective effect on the risk of breast cancer, with each
childbirth resulting in further risk reduction. In the Nordic meta-analysis, the relative
risks for women with 3 to 4 children and 5 or more children were 0.84 and 0.69, respec-
tively, compared with women with 1 to 2 children (Ewertz et al., 1990). A substantial
body of epidemiological evidence (Lambe et al., 1994; Wohlfahrt et al., 2001) now
indicates that the effect of pregnancy on breast cancer risk differs according to time
since childbirth, the risk being transiently increased after the birth, followed by a long-
term risk reduction. Such a dual effect is biologically plausible; high oestrogen con-
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centrations during pregnancy could accelerate the growth of small tumours but de-
crease the long-term breast cancer risk by inducing protective structural changes in
breast cells (Key et al., 2001).
Breastfeeding has been hypothesized to decrease breast cancer risk by delaying the re-
establishment of ovulation, causing changes in the production of oestrogens and other
hormones, or by excreting carcinogenic agents from breast tissue during lactation (Kelsey
et al., 1993). The overall epidemiological evidence of a relationship between
breastfeeding and risk of breast cancer is based on a recent re-analysis of data from 47
studies and indicates that the longer women breast feed the greater the protection against
breast cancer; the risk is decreased by 4.3% for every 12 months of breastfeeding (Col-
laborative Group on Hormonal Factors in Breast Cancer, 2002a).
Oral contraceptives were introduced in the 1960s, after which their use has become
increasingly popular throughout the world. The combined oestrogen/progestagen con-
traceptive is the type most widely used.
The collective epidemiological evidence of a relationship between use of oral contra-
ceptives and risk of breast cancer comes from a 1996 pooled re-analysis of 54 studies
(Collaborative Group on Hormonal Factors in Breast Cancer, 1996). A small increase
in breast cancer risk was observed among current users of combined oral contracep-
tives (relative risk = 1.24) and among those who had stopped use 1-4 years (relative
risk = 1.16) or 5-9 years (relative risk = 1.07) previously, whereas those who had stopped
use 10 or more years ago were not at increased risk. These results did not vary mark-
edly by duration of use or by dose and type of hormone in the contraceptive, but the
breast cancers diagnosed in ever-users were less advanced clinically than those in never-
users. Since the pooled analysis, a number of studies have been published on the rela-
tionship between use of oral contraceptives and risk of breast cancer (e.g., Tryggvadóttir
et al., 1997; Kumle et al., 2002; Marchbanks et al., 2002; Althuis et al., 2003), with
some of them examining aspects of oral contraceptive use that have only recently be-
come more common (e.g., early age at first use, new preparations); these issues re-
main, however, unsettled.
Hormonal replacement therapy also came on the market in the 1960s and is today
widely used to alleviate menopausal symptoms. First generation regimens contained
oestrogen alone, whereas the combined oestrogen-progestagen regimens are nowadays
the most widely prescribed type.
A large number of epidemiological studies have investigated the relationship between
hormonal (mostly oestrogen) replacement therapy and risk of breast cancer. In 1997,
the Collaborative Group on Hormonal Factors in Breast Cancer published data from a
pooled re-analysis of 51 studies, reporting that among current and recent users of hor-
monal therapy breast cancer risk increased with increasing duration of use; the risk was
increased by about 35% among women who had used hormonal replacement therapy
for five years or longer. The excess risk diminished after cessation of use and no excess
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risk was observed for use that had ceased five or more years ago. There was no marked
variation in the results according to type or dose. The risk of breast cancer in relation to
hormonal replacement therapy use was more elevated among women with lower body
weight as compared with those with a higher body weight.
Studies published subsequent to the pooled analysis (e.g., Magnusson et al., 1999;
Ross et al., 2000; Schairer et al., 2000; Weiss et al., 2002; Writing Group for the Women’s
Health Initiative Investigators, 2002) have continued to show an increased breast can-
cer risk with the use of different forms of hormonal replacement therapy.
Life-style factors
Height and weight. Convincing epidemiological evidence exists that adult height is
associated with a slightly increased risk of breast cancer (Tretli, 1989; Hunter and
Willett, 1993; van den Brandt et al., 2000); each 5 cm increment in height increased
risk by about 7% in a pooled analysis of seven large cohort studies in Western countries
(van den Brandt et al., 2000). Adult body weight (or body mass index [BMI], kg/m2) is
inversely associated with breast cancer risk among premenopausal women but appears
to modestly increase the risk among postmenopausal women (Hunter and Willett, 1993;
Huang et al., 1997; Trentham-Dietz et al., 1997; van den Brandt et al., 2000). The
pooled analysis of the seven prospective studies (van den Brandt et al., 2000) reported
a relative risk of 0.54 among premenopausal women with a BMI of 31 or more com-
pared with those with a BMI of less than 21, and a relative risk of 1.26 among post-
menopausal women with a BMI exceeding 28 compared with those with a BMI lower
than 21. The increased risk among postmenopausal women is probably due to increased
blood concentrations of oestrogens (Key et al., 2001), as the primary source of oestrogens
in postmenopausal women is the aromatization of adrenal androgens to oestrogens in
adipose tissue.
A number of studies (Huang et al., 1997; Trentham-Dietz et al., 1997; Friedenreich,
2001a [review]; Lahmann et al., 2003) have suggested that adult weight gain and/or
high waist-hip ratio are associated with increased risk of breast cancer among post-
menopausal women.
Diet in general and dietary fat in particular have been suggested to play a major role in
the aetiology of breast cancer, but very few, if any, clear-cut epidemiological associa-
tions have been documented (Hunter and Willett, 1993; Willett, 2001). In the above-
mentioned pooled analysis of seven cohort studies from Western countries (Hunter et
al., 1996) and in a more recent update of these data (Smith-Warner et al., 2001a), no
overall relationship was found between fat intake and risk of breast cancer. As for
consumption of fruits and vegetables, the pooling project of the seven cohort studies
also reported no overall relationship with breast cancer risk (Smith-Warner et al., 2001b),
whereas another summary analysis, consisting both of case-control and cohort studies,
suggested a 25% risk reduction in relation to vegetable consumption (Gandini et al.,
2000). Some data are suggestive of a risk reduction with vitamin A, but other micronu-
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trients such as vitamin C and E are probably unrelated to the risk (Hunter and Willett,
1993; Willett, 2001). Among the other dietary factors that have recently received con-
siderable attention and for which some evidence of a protective effect is available are
olive oil (Trichopoulou et al., 1995) and folic acid (particularly among women who
regularly consume alcohol) (Zhang et al., 1999); the evidence concerning phyto-oestro-
gen rich foods such as soy is still limited, although prospective studies have generally
failed to find protective effects (Peeters et al., 2003).
Alcohol. A fairly consistent pattern emerges from epidemiological studies of a modest
relationship between alcohol consumption and increased risk of breast cancer; three re-
cent summary analyses (Smith-Warner et al., 1998; Ellison et al., 2001; Collaborative
Group on Hormonal Factors in Breast Cancer, 2002b) estimated that one drink (10-12 g
of alcohol) per day confers a 7-10% increase in risk. When looking at levels of alcohol
intake reported by most women, the relationship with breast cancer risk seems to be
linear (Smith-Warner et al., 1998; Ellison et al., 2001). At higher intakes there is, how-
ever, some indication of a plateau effect (Smith-Warner et al., 1998), and alcoholic women
have been reported to be only at slightly higher risk than the general population (Kuper et
al., 2000). The relationship between alcohol consumption and risk of breast cancer does
not appear to vary by menopausal status or by whether alcohol is consumed as wine, beer
or liquor (Smith-Warner et al., 1998; Ellison et al., 2001).
Smoking. Although breast cancer is generally not considered to be a smoking-related
cancer, cigarette smoking has been hypothesized to either decrease the risk of the dis-
ease through its possible anti-estrogenic effect or to increase the risk due to direct
carcinogenic effects on breast tissue (Palmer and Rosenberg, 1993). Palmer and
Rosenberg (1993) reviewed the epidemiological studies on smoking and risk of breast
cancer published through 1992 and concluded that the two are unlikely to be materially
related; a recent re-analysis of data from 53 epidemiological studies came to the same
conclusion (Collaborative Group on Hormonal Factors in Breast Cancer, 2002b). How-
ever, some studies have suggested that the relationship between smoking and breast
cancer risk may be particularly complex, i.e., that it might vary by certain genotypes
and by the timing of exposure to tobacco smoke in relation to a woman’s reproductive
life (e.g., Ambrosone et al., 1996; Lash and Aschengrau 1999; Band et al., 2002). Thus,
the topic requires further research before definitive conclusions can be drawn.
Physical activity. Findings from epidemiological studies (reviewed in Friedenreich et
al., 1998 and Friedenreich, 2001b; Luoto et al., 2000; Rintala et al., 2002; Dorn et al.,
2003) have varied somewhat, but the majority support a reduction in breast cancer risk
of 30-40% with physical activity, either during leisure-time or in occupational or house-
hold activities. Uncertainty remains about which form, intensity and duration of activ-
ity confers most protection and about the period of life during which physical activity
is most important (Friedenreich et al., 1998). As for the underlying biological mecha-
nism, part of the protective effect of physical activity may be mediated through its
normalizing effect on energy balance and body weight, but an independent effect, e.g.,
through reducing the levels of circulating ovarian hormones, is also plausible (Hoffman-
Goetz et al., 1998).
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Family history and genetic factors
Family history is a risk factor for breast cancer; first-degree relatives (mothers, sisters,
daughters) of breast cancer cases have a two-fold increase in risk (Pharoah et al., 1997).
While some proportion of the familial clustering of breast cancer occurs, given the
high incidence of the disease, purely by chance, or is attributed to shared environment,
a substantial proportion is due to inherited susceptibility to the disease.
Two major breast cancer susceptibility genes, BRCA1 (Miki et al., 1994) and BRCA2
(Wooster et al., 1995), have been identified. Inherited mutations in these genes and in
the few other rare, high-risk genes (P53, PTEN and ATM) are thought to account for
about 5% of all breast cancer cases (Key et al., 2001). That this figure is considerably
lower than the approximately 25% of breast cancer risk estimated to be accounted for
by heritable factors in large twin and family studies in Nordic countries suggests that
as yet unidentified susceptibility genes exist (Lichtenstein et al., 2000; Czene et al.,
2002), most likely such that their variant alleles are relatively common in the general
population and confer a low risk for the disease either by themselves or in interaction
with other genes or environmental factors. One recently identified low-penetrance breast
cancer susceptibility gene is the CHEK2 (Vahteristo et al., 2002); a mutation in this
gene is estimated to confer a two-fold increased risk of female breast cancer but only in
women without BRCA1 or BRCA2 mutations (Meijers-Heijboer et al., 2002).
Other risk factors
Twinship. Twins have been proposed to have an increased risk of breast cancer com-
pared with singletons because the intrauterine environment of twin pregnancies (e.g.,
possibly a high concentration of oestrogens) may affect the structure and function of
the mammary gland in a way that increases the probability of occurrence of breast
cancer later in life (Shibata and Minn, 2000). The available epidemiological data on
this topic (Verkasalo et al., 1999; Shibata and Minn, 2000) are not entirely consistent,
but a re-analysis of epidemiological studies published through 1999 (Verkasalo et al.,
1999) reported no substantial risk increase among twins compared with singletons/the
general population. However, the risk for monozygotic twins appeared to be slightly
lower than that for dizygotic twins (Verkasalo et al., 1999). Similar findings were ob-
tained for the cohort of the present study (Verkasalo et al., 1999).
Benign breast disease is a heterogeneous group of non-cancerous breast problems with
different histologies (Bodian, 1993). Women with non-proliferative lesions have no or
only a slightly increased risk of breast cancer, whereas women whose breast biopsies
show ordinary epithelial hyperplasia or atypical epithelial hyperplasia have about a
two-fold and a three- to four-fold increased risk, respectively, of developing breast
cancer (Bodian, 1993).
Mammographic parenchymal pattern (i.e., the radiological appearance of breast tis-
sue) is related to breast cancer risk independently of other known risk factors (Boyd et
al., 1998; Salminen et al., 1998) so that women with large amounts of radiologically
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dense breast tissue are estimated to have about four to six times greater risk of the
disease compared with those with little or no density (Boyd et al., 1998). Interestingly,
a recent twin study estimated that 63% of the variation in mammographic breast tissue
density is accounted for by genetic factors (Boyd et al., 2002). Thus, identification of
the specific genes affecting this common breast tissue phenotype could also increase
our understanding of the causes of breast cancer (Boyd et al., 2002).
Ionizing radiation. There is a well-established relationship between ionizing radiation
and risk of breast cancer; the risk increases in a dose-response fashion in women less
than 40 years of age at the time of exposure (John and Kelsey, 1993).
In summary, a number of breast cancer risk factors have been identified, many of which
are related to a woman’s reproductive life and life-style. Even so, the aetiology of the
disease remains inadequately understood, as do the reasons for the increasing inci-
dence currently taking place in many parts of the world.
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3. PSYCHOLOGICAL FACTORS AND RISK OF BREAST
CANCER: A literature review
3.1 Historical background
Psychological factors such as stress and personality have for a long time been sug-
gested to play a role in the aetiology of cancer in general and breast cancer in particu-
lar. In a 1959 review of literature on this topic (LeShan, 1959), the oldest citation dates
back to the Middle Ages, when cancer was considered to be one of the diseases associ-
ated with the theory of ‘mind-body interaction’. During the 18th and 19th centuries
numerous case reports emerged in the medical literature supporting a relationship be-
tween psychological factors and onset of cancer, and physicians, based on clinical ex-
perience, began to consider the relation between the two as ‘a well-known fact’. This
was generally founded on observations such as that reported by Genron in 1759 (cited
in LeShan, 1959): ‘Mrs. Emerson, upon the death of her daughter, underwent great
afflication, and perceived her breast to swell, which soon after grew painful; at last
broke out in a most inveterate cancer, which consumed a great part of it in a short time.
She had always enjoyed a perfect state of health’.
The first statistical study on this topic was published by Snow in 1893 (cited in LeShan,
1959). He studied 250 female cancer patients at the London Cancer Hospital and re-
ported that 156 of them had experienced ‘immediately antecedent trouble’. This report
was followed by only few studies during the first half of the 20th century (LeShan,
1959). It has been the last several decades which have witnessed a growing research
interest in the relationship between psychological factors and risk of (breast) cancer.
These epidemiological studies are the focus of this section.
3.2 The problem of recall bias
Most of the epidemiological data available on the relationship between psychological
factors and risk of breast cancer come from case-control studies. However, a typical
case-control study comparing women with and without breast cancer in terms of their
reports of past or present psychological factors arises inevitably concern about the
possibility of selective remembering and reporting due to the diagnosis. From the popular
belief that psychological factors have a role in breast cancer causation (Baghurst et al.,
1992), it follows that women with breast cancer may be more prone than controls to
recall/report prior stress and other psychological problems in an effort to explain their
illness. This could, in turn, lead either to a spurious positive association between psy-
chological factors and breast cancer risk or to overestimation of any true association.
In an attempt to reduce the potential for recall bias, many investigators have conducted
case-control studies with a so called ‘limited prospective design’. That is, reports on
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psychological factors are obtained from women who have breast symptoms but have
not yet been given a definitive diagnosis. After confirmation of the diagnosis (often in
biopsy), the women are divided into those diagnosed with breast cancer (cases) and
those with no breast disease (controls I) or benign breast disease (controls II). How-
ever, recall bias can also occur in this study design, as assessment of psychological
factors just before confirmation of diagnosis cannot be considered to be independent of
outcome. One study, for example, showed that women awaiting diagnosis for breast
symptoms often correctly predicted the definitive diagnosis, possibly based on bodily
symptoms or communication with their doctors (Schwarz and Geyer, 1984).
In addition to remaining prone to recall bias, ‘the limited prospective study design’
introduces some new methodological problems. As women diagnosed with breast can-
cer are, on average, considerably older than women with other breast conditions who
are used as controls, attaining adequate adjustment for age may be difficult (McGee et
al., 1996). This is of particular concern when life events are assessed, as they are closely
correlated with age (McGee, 1999). Moreover, whether women with benign breast
disease are a suitable control group is questionable since some forms of this disease
entity are themselves risk factors for breast cancer (Bodian, 1993).
At present, the only epidemiological data on psychological factors and breast cancer
risk where exposure has been assessed independently of outcome and is thus free of the
potential effects of recall bias come from the relatively few prospective cohort and
record-linkage studies. These studies are therefore presented in this section separately
from and given more emphasis than case-control studies. The case-control studies,
although regarded as hypothesis-raising rather than hypothesis-testing studies, are also
reviewed because they provide the only epidemiological data available for a number of
important issues and are thus crucial for understanding the background of the present
study.
3.3 Stress and risk of breast cancer
Definition and measurement of stress
The first scientific definitions of psychological stress date back to the early half of the
20th century. In 1914, Cannon described the well-known ‘fight or flight response’, i.e.,
the discharge of the noradrenergic nervous system induced by an upsetting life situa-
tion (Cannon, 1914). A few decades later, Selye defined stress as ‘the non-specific
response of the body to any demand made upon it’ (Selye, 1956). More recently, Lazarus
(1976) gave a rather similar definition and stated that ‘stress occurs where there are
demands on the person which tax or exceed his adjustive resources’. Today, no defini-
tive consensus exists on the concept of stress, but the definitions of Selye and Lazarus
are widely used.
The definitions of stress described above and the like have served as a broad frame-
work for the hypothesis of an association between stress and breast cancer, within
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which a variety of more specific hypotheses have been developed. In theory, the criti-
cal role of one’s self-perception of stress due to different life demands and stressors is
now generally recognized. However, much of the epidemiological research on stress
and breast cancer has been directed towards the role of life events, probably at least in
part due to the ease of obtaining data on past life events.
Thus, the main hypotheses of the relationship between stress and breast cancer risk that
have been tested in previous epidemiological studies are that risk of the disease in-
creases with 1) major life events such as the death of a loved one, 2) cumulative num-
ber of life events/life change due to life events and/or 3) amount of self-perceived
stress due to life events.
The most commonly used methods for assessment of stress have been (i) a self-admin-
istered or interview-administered checklist of life events, (ii) a semi-structured inter-
view and (iii) use of readily available register data (e.g., records on marital status and
its change). In the checklist approach, subjects are asked to indicate which life events
on a given list have occurred over a specified period, e.g., during the past five years. In
only few studies have the subjects also rated the events in terms of self-perceived
severity of stress, while most studies use checklists with readily available life event
ratings. One such checklist is that constructed by Holmes and Rahe (1967), consisting
of 43 common life events weighted according to the amount of life change produced by
each (Table 2). The weights were derived from a community-based study in the United
States of 394 adults who were asked to rate the 43 life events according to the extent of
life change the event was generally assumed to produce in the usual way of life com-
pared with marriage, which was given a fixed value of 50 (Holmes and Rahe, 1967).
A semi-structured interview developed by Brown and Harris – the Life Events and
Difficulties Schedule – aims at precise event definition and objective rating of event
severity (Chen et al., 1995). The interviewer collects detailed information on the oc-
currence of subjects’ past life events and the context surrounding them. The investiga-
tor then objectively rates the life events according to the degree of threat they were
likely to pose to a particular individual. The reliability of this method has been shown
(Chen et al., 1995).
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Case-control studies
In the past few decades, over 30 case-control studies have reported on the relationship
between stress and risk of breast cancer (reviewed in McGee et al., 1996; Petticrew et
al., 1999; Butow et al., 2000). These studies have provided inconsistent results, at least
in part due to methodological shortcomings (McGee et al., 1996; Petticrew et al., 1999).
TABLE 2. The Holmes and Rahe Social Readjustment Rating Scale*. 
Life event Weight 
1. Death of spouse 100 
2. Divorce 73 
3. Marital separation  65 
4. Jail term 63 
5. Death of close family member 63 
6. Personal injury or illness 53 
7. Marriage 50 
8. Fired at work 47 
9. Marital reconciliation 45 
10. Retirement 45 
11. Change in health of family member 44 
12. Pregnancy 40 
13. Sex difficulties 39 
14. Gain of new family member 39 
15. Business readjustment 39 
16. Change in financial state 38 
17. Death of close friend 37 
18. Change to different line of work 36 
19. Change in number of arguments with spouse 35 
20. Mortgage over $ 10,000  31 
21. Foreclosure of mortgage or loan 30 
22. Change in responsibilities at work 29 
23. Son or daughter leaving home 29 
24. Trouble with in-laws 29 
25. Outstanding personal achievement 28 
26. Wife begins or stops work 26 
27. Begin or end school 26 
28. Change in living conditions 25 
29. Revision of personal habits 24 
30. Trouble with boss 23 
31. Change in work hours or conditions 20 
32. Change in residence 20 
33. Change in schools 20 
34. Change in recreation 19 
35. Change in church activities 19 
36. Change in social activities 18 
37. Mortgage or loan less than $ 10,000 17 
38. Change in sleeping habits 16 
39. Change in number of family get-togethers 15 
40. Change in eating habits 15 
41. Vacation 13 
42. Christmas 12 
43. Minor violations of the law 11 
* Holmes and Rahe (1967). 
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Table 3 presents nine case-control studies that give a good picture of the epidemiologi-
cal evidence currently available from case-control research. Six of these studies used
the checklist approach (Priestman et al., 1985; Cooper et al., 1989; Edwards et al.,
1990; Forsén, 1991; Ginsberg et al., 1996; Roberts et al., 1996). Of these, the largest
and methodologically most sound was from the United States and included 258 cases
of breast cancer and 614 population-based controls telephone-interviewed about the
occurrence of 11 life events over the previous five years (Roberts et al., 1996). Neither
single major life events, such as the death of one’s husband, nor cumulative number of
life events/cumulative amount of life change was found to be associated with breast
cancer risk.
Of the remaining five studies using the checklist approach (Table 3), two reported
essentially null/negative findings (Priestman et al., 1985; Edwards et al., 1990), whereas
three (Cooper et al., 1989; Forsén, 1991; Ginsberg et al., 1996) reported positive rela-
tionships. The most valid of the positive relationships is perhaps the one reported in an
Australian study of 99 breast cancer cases and 99 age-matched, population-based con-
trols (Ginsberg et al., 1996); the risk factor adjusted odds ratio (OR) of breast cancer
increased with increasing 10-year life change score and was 4.7 (95% confidence in-
terval [CI] 1.3-16.4) among women in the highest quartile compared with those in the
lowest. However, some residual confounding by age may have existed, as controls
were matched to cases in 5-year intervals. As for the two other studies with positive
relationships, the Finnish study by Forsén (1991) reported an increased risk of breast
cancer in relation to ‘important emotional loss’ and cumulative amount of life change
due to life events during the past six years; Cooper et al. (1989) observed that a higher
proportion of cases than controls reported death of a close friend, and that cases gener-
ally perceived life events as being more severe than controls. However, these two stud-
ies (Cooper et al., 1989; Forsén, 1991) had limited data on potential confounding fac-
tors, and one of them (Cooper et al., 1989) performed numerous statistical tests, ren-
dering interpretation of results for single life events difficult.
The Life Events and Difficulties Schedule, which aims at precise event definition and
objective rating of event severity, has been used in three recent case-control studies
(Chen et al., 1995; Protheroe et al., 1999; Price et al., 2001a) (Table 3). In 1995, Chen
et al. published a report on 119 English women referred for biopsy of a suspicious
breast lump and interviewed about prior stress (past five years) before learning biopsy
outcome. The 41 women subsequently diagnosed with breast cancer were much more
likely to have confronted life events that were rated by the interviewer as severely
threatening than the women with benign breast disease. There was no relationship with
life events judged to pose little or no threat to the subject. This study has, however,
been criticized on such methodological grounds as limited controlling for age (McGee,
1999). The two subsequent studies using fairly similar methods but considerably larger
sample sizes reported null results (Protheroe et al., 1999; Price et al., 2001a).
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Prospective cohort and record-linkage studies
One prospective cohort study (Jacobs and Bovasso, 2000) and six record-linkage stud-
ies (Jones et al., 1984; Ewertz, 1986; Kvikstad et al., 1994; Kvikstad and Vatten, 1996;
Johansen and Olsen, 1997; Levav et al., 2000) have investigated the relationship be-
tween stress and risk of breast cancer (Table 4); all of them assessed the effects of
single major life events. The cohort study was from the United States (Jacobs and
Bovasso, 2000); the record-linkage studies were from Denmark (Ewertz, 1986; Johansen
and Olsen, 1997), Norway (Kvikstad et al., 1994; Kvikstad and Vatten, 1996), the UK
(Jones et al., 1984) and Israel (Levav et al., 2000). The four Nordic studies (Ewertz,
1986; Johansen and Olsen, 1997; Kvikstad et al., 1994; Kvikstad and Vatten, 1996)
were by far the largest, with the number of breast cancer cases ranging from 198 to
4,340.
Each study obtained unbiased data on life events. In the US cohort study (Jacobs and
Bovasso, 2000), the follow-up endpoint was defined as either breast cancer hospital-
ization (obtained from subjects’ self-reports at the end of a 15-year follow-up) or death
(obtained from death certificates); these methods clearly cast doubt on the validity of
case ascertainment. All of the other studies included only incident cancer cases. The
UK study (Jones et al., 1984) stated that cancer registration was part of the study’s
routine data collection. In the remaining studies (Ewertz, 1986; Kvikstad et al., 1994;
Kvikstad and Vatten, 1996; Johansen and Olsen, 1997; Levav et al., 2000), cases of
breast cancer were identified from cancer registries, the registration procedures of which
are comprehensive in the Nordic countries. None of the studies was able to comprehen-
sively adjust for potential breast cancer risk factors, but all adjusted at least for age
(Table 4).
The US cohort study (Jacobs and Bovasso, 2000) was the only one with a positive
result. Of the 1,213 women interviewed in 1980 and followed for 15 years, those hav-
ing reported maternal death in childhood had a 2.6-fold increased risk of developing
breast cancer in adulthood compared with women without this experience. This result
was based on six breast cancer cases with maternal death in childhood; in each case,
the period between the two events was at least 20 years. Maternal death in adulthood
and paternal death either in childhood or adulthood were not related to the risk.
In the three record-linkage studies reporting on widowhood and breast cancer risk (Jones
et al., 1984; Ewertz et al., 1986; Kvikstad et al., 1994), the results were essentially null.
The UK study (Jones et al., 1984) observed no excess number of breast cancer cases
among 4,905 widowed women during a follow-up from 1971 to 1973 compared with
that expected from rates among other study women. In the Danish study by Ewertz
(1986), including 1,782 cases of breast cancer diagnosed in 1983-1984 and 1,738 age-
stratified population-based controls, similar proportions of cases (9.8%) and controls
(11.4%) were widowed at the time of diagnosis (or an equivalent date for controls),
yielding an OR of 0.8 (95% CI 0.7-1.0). There was also no association according to the
length of widowhood (up to 15+ years). The third study reporting null results was a
Norwegian case-control study nested within a cohort of 600,000 middle-aged women
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for whom information on marital status and diagnoses of breast cancer was available
for the periods 1964-1984 and 1966-1990, respectively (Kvikstad et al., 1994). Ex-
cluding unmarried women, 3.1% of the 4,164 breast cancer cases, and 2.8% of the
31,692 age-matched controls were widowed at the time of diagnosis, yielding an OR of
1.15 (95% CI 0.95-1.39).
Divorce has been examined by the same Danish (Ewertz, 1986) and Norwegian
(Kvikstad et al., 1994) studies reporting on widowhood. The Danish study observed no
relationship either for being divorced at the time of diagnosis or for time elapsed since
divorce (up to 15+ years). The Norwegian study, by contrast, observed a slightly de-
creased risk of breast cancer among divorced women compared with their married
counterparts (OR = 0.84, 95% CI 0.76-0.92). This risk reduction became somewhat
larger with increasing age at divorce and longer duration of marriage prior to divorce.
These findings for divorce may perhaps be explained, at least partly, by uncontrolled
confounding, as women who divorce may differ from those who stay married also with
respect to breast cancer risk factors (e.g., weight) other than those that were adjusted
for (age, age at first birth and parity).
The remaining three studies on single major life events and breast cancer risk (Table 4)
observed no relationship for death of a child (Kvikstad and Vatten, 1996), death of an
adult son (Levav et al., 2000) or cancer in a child (Johansen and Olsen, 1997). In
addition, one record-linkage study reported a lack of an association between death of a
child and risk of hormone-related cancers in women (Li et al., 2002), one prospective
cohort study reported no association between job strain and risk of breast cancer (Achat
et al., 2000), and one ecological study reported that living near the Three Mile Island
nuclear power plant (USA) at the time of a leakage accident in 1979 (the living prox-
imity was taken as a proxy for psychological stress) was related to a slightly increased
risk of hormone-related cancers (OR = 1.2, 95% CI 1.0-1.4) (Hatch et al., 1991). This
last result may have, however, been due to increased clinical surveillance.
Summarizing the epidemiological findings on stress and risk of breast cancer, some
case-control studies and one small prospective cohort study have reported moderate
relationships between life events, assessed in a variety of ways, and increased risk of
breast cancer, whereas the more reliable, large-scale record-linkage studies have indi-
cated no risk increase in relation to single major life events. Thus, other than the rather
strong evidence against the role of single major life events, the epidemiological evi-
dence of a relationship between stress and breast cancer risk remains incomplete. Per-
haps the most important issues requiring further investigation in large, well-designed
prospective cohort studies are the potential effects of cumulative number of life events
and self-perceived stress on breast cancer risk and the possible role that life-style fac-
tors (e.g., alcohol use) play in these hypothesized relationships.
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3.4 Personality and risk of breast cancer
Definition and measurement of personality
In broad terms, personality encompasses enduring emotional, attitudinal and cognitive
characteristics of an individual that result in a more or less constant manner over time
and different life situations (McCrae and John, 1992; Bouchard and Loehlin, 2001). More
specific conceptualization of personality differs between various theoretical approaches
in psychology, but perhaps the five factor model of personality has been the most widely
accepted since the 1980s (McCrae and John, 1992; Bouchard and Loehlin, 2001). This
model provides a global description of personality with the five following basic person-
ality traits: I) Extroversion, II) Agreeableness, III) Conscientiousness, IV) Neuroticism
and V) Openness to experience (McCrae and John, 1992). Personality in general and the
five basic traits in particular are substantially affected by genetic factors, the heritability
estimates being in the range of 40% to 80% (Bouchard and Loehlin, 2001).
The epidemiological research on personality and breast cancer risk involves a rather
diverse definition of personality; much of it has been motivated by theories of a so-called
‘cancer-prone personality’ (Temoshok, 1987; Karren et al., 2002). The personality con-
structs of these theories have varied from author to author and over time, but all theories
include some concept of lack or suppression of emotions. For example, the early work of
Kissen and Eysenck (1962) suggested that low neuroticism (emotional stability) and
high extroversion (sociality and sensation-seeking) characterize individuals prone to lung
cancer. The widely known theoretical model by Temoshok (1987) proposes that the main
personality factors increasing cancer risk and contributing to the progression of the dis-
ease are helplessness/hopelessness, suppression of emotions and a coping style charac-
terized by a tendency to defer one’s own needs to the needs of others.
Table 5 presents descriptions of personality factors that are similar or closely related to
those that are the focus of this study (i.e., life satisfaction, neuroticism, extroversion,
type A behaviour and hostility) and typical self-report inventories that have been used
to assess them in previous studies of personality and risk of breast cancer. The term
depressiveness is herein used to refer to trait-like depressive tendencies and depressed
mood; clinical depression refers to psychiatrically diagnosed depression disorder. As
for the concept of type A behaviour, it was initially constructed for research on the
relationship between stress and cardiovascular diseases (Friedman and Rosenman, 1959)
but has later been suggested to also capture some of the (opposite) characteristics of
the cancer-prone personality (Temoshok, 1987) and has thus been investigated with
respect to cancer risk as well.
29Literature review
TABLE 5. Description of selected personality characteristics and typical personality inventories used to assess them in 
studies of personality and risk of breast cancer.  
Personality 
characteristic  
Description Typical personality inventory 
Depressiveness Trait-like depressive tendencies, e.g., sadness, 
dissatisfaction, frustration, negative self-concept 
Minnesota Multiphasic Personality 
Inventory 
Neuroticism Emotionally unstable in general, e.g., anxious, 
moody, touchy  
Eysenck Personality Inventory 
Extroversion Sociable, talkative, easygoing, optimistic, craves 
excitement, feelings not kept under tight control 
Eysenck Personality Inventory 
Type A behaviour Time-urgent, ambitious, competitive, aggressive Bortner Type A Scale 
Anger Emotion ranging from mild annoyance to intense 
rage 
Spielberger’s Trait Anger Scale 
Hostility Enduring hostile thoughts and attitudes and 
expression of anger and aggression 
Hostility and Direction of Hostility 
Questionnaire 
Case-control studies
As was the case for stress, numerous case-control studies have investigated the relation-
ship between personality and risk of breast cancer with inconsistent results. The pre-
dominant finding in studies conducted through the end of the 1990s, in accordance with
the theoretical constructs, was the increased risk of breast cancer in relation to suppres-
sion of emotions in general and anger in particular (Greer and Morris, 1975; Morris et al.,
1981; Wirsching et al., 1982; Jansen and Muenz, 1984; Pettingale et al., 1984; Brémond
et al., 1986; Grassi and Cappellari, 1988; Fox et al., 1994). However, the largest and
perhaps the methodologically soundest case-control study published to date (Price et al.,
2001b) found no evidence of an association between various personality characteristics
and risk of breast cancer. This study is presented in greater detail below.
In 2001, Price et al. (2001b) reported on a total of 2,224 Australian women aged >40
years and recalled for assessment of an abnormal screening mammogram. These women
completed a self-administered questionnaire assessing the main domains of the Temoshok’s
theoretical model of cancer-proneness. After adjustment for a wide range of potential
confounders, the 298 women subsequently diagnosed with breast cancer were not found
to differ from the remaining women diagnosed with either normal breasts (n = 947),
benign or cystic lesions not requiring biopsy (n = 644) or benign or cystic lesions requir-
ing biopsy (n = 335) in terms of their scores on anxiety, depressiveness, self-esteem,
emotional expression-in, emotional expression-out, emotional control, locus of control
of behaviour, and mature, neurotic or immature defense style. Supporting these findings
are also the results of another recent, well-conducted Australian study which included
173 breast cancer cases and 978 non-cancer controls (O’Donnell et al., 2000). This study
observed no relationship for measures of emotional expression/suppression.
The case-control findings for the personality characteristics most relevant to this study
are presented in greater detail below.
Depressiveness/clinical depression. As noted above, the largest case-control study on
personality and breast cancer risk conducted to date (Price et al., 2001b) reported no
relationship between depressiveness (assessed with the Hospital Anxiety and Depres-
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sion scale) and breast cancer risk. This is by far the most reliable case-control evidence
available on this relationship. Of the earlier studies providing data on depressiveness/
clinical depression and breast cancer risk, a few reported null results (e.g., Greer and
Morris, 1975; Schonfield, 1975; Scherg, 1987; Grassi and Cappellari, 1988; Jasmin et
al., 1990), whereas others indicated that breast cancer cases were more often depressed
than controls (Jansen and Muenz, 1984; Kircaldy and Kobylinska, 1987; Aragona et
al., 1997). The largest such difference was reported in an Italian study (Aragona et al.,
1997) of 108 breast cancer cases and 41 controls with benign breast disease evaluated
for depression before diagnosis and surgery, using a variety of methods: self-reports on
the Minnesota Multiphasic Personality Inventory, diagnostic interview with DSM-III-
R criteria and psychodiagnostic testing. While the self-reports of depressiveness did
not differ statistically significantly between cases and controls, the diagnostic criteria
for depressive mood disorders were met by a substantially larger proportion of cases
than controls (55% vs. 19%, p < 0.001), and the psychodiagnostic test classified 62%
of cases and 15% of controls (p < 0.005) as being depressed. However, little weight can
be given to these results, since they came from an unadjusted analysis. Furthermore,
the high prevalence of depression in the study sample in general probably reflects the
effects of having a breast disease on mood state rather than vice versa.
Extroversion and neuroticism (Table 6). The first data on the relationship between ex-
troversion, neuroticism and risk of breast cancer come from a study conducted in the
UK in the early 1960s (Coppen and Metcalfe, 1963). A total of 47 female cancer pa-
tients, 63 control women from the same hospital without cancer but with an age distri-
bution similar to the cancer patients and 31 general population controls completed the
Maudsley Personality Inventory. There were no substantial differences between the
study groups in mean neuroticism scores, but breast cancer patients (n = 32) scored
statistically significantly higher on extroversion than either of the control groups (cases,
mean 25.7; all controls, mean 21.2; p = 0.001). Subsequent studies (Greer and Morris,
1975; Morris et al., 1981; Priestman et al., 1985; Hughson et al., 1988; Chen et al.,
1995) with similar study populations and of similar methodological quality have re-
ported null results, except for one which observed that breast cancer cases had lower
mean neuroticism scores on the Eysenck Personality Inventory compared with con-
trols (cases, mean 9.6; controls, mean 12.6; p < 0.05) (Morris et al., 1981).
Type A behaviour (Table 7). Seven case-control studies reporting on type A behaviour
and breast cancer risk were identified (Scherg, 1981; Jansen and Muenz, 1984; Cheang
and Cooper, 1985; Cooper et al., 1986; Scherg, 1987; Faragher and Cooper, 1990;
Edwards et al., 1990) (Table 7). Only one of them clearly reported no relationship
(Edwards et al., 1990), whereas the remaining six (two of which involved the same
study subjects, Cooper et al., 1986; Faragher and Cooper, 1990) had at least some
suggestion of increased breast cancer risk in relation to low type A behaviour, either in
terms of total score or individual items. However, not all of these results were statisti-
cally significant, the differences observed between cases and controls were generally
small and some of them may have been confounded by age. For example, of the two
studies with the same study subjects, the first one, which did not adjust for age (Cooper
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et al., 1986), reported that the 171 breast cancer cases (mean age 55 years) scored
substantially lower on type A behaviour, as assessed with the Bortner scale, than the
724 controls with no breast disease (mean age 39 years) (cases, mean 96; controls,
mean 101; p = 0.003) and that the cases differed from controls in eight of the 14 scale
items. The later report, which did adjust for age (Faragher and Cooper, 1990), observed
a smaller difference in the total scores between cases (mean 100) and controls (mean
101.9), and cases differed from controls only in three of the 14 items.
Anger/hostility, as assessed with such measures as the Spielberger Trait Anger Scale
and the Hostility and Direction of Hostility Questionnaire, has generally been found to
not to be related to breast cancer risk (Greer and Morris, 1975; Jansen and Muenz,
1984; Wirsching et al., 1982; Pettingale et al., 1984; Anagnostopoulos et al., 1993). In
particular, the methodologically most sophisticated case-control study on this relation-
ship reported null results (Anagnostopoulos et al., 1993). This Greek study included
180 breast cancer cases and 268 non-cancer controls who, before confirmation of diag-
nosis, completed a questionnaire developed from the Hostility and Direction of Hostil-
ity Questionnaire. After adjustment for age and other potential confounding factors,
the factor-analytically identified scale ‘frequent experience of hostile thoughts and
uninhibited hostile acts’ was not related to breast cancer risk. However, a low score on
another factor of the same scale termed ‘denigratory attitudes towards others’ was re-
lated to a 2.3-fold increased risk of breast cancer when compared with a high score
(Anagnostopoulos et al., 1993).
Prospective cohort and record-linkage studies
Only two prospective cohort studies have specifically investigated the relationship
between personality traits and risk of breast cancer (Hahn and Petitti, 1988; Bleiker et
al., 1996) (Table 8). In addition, a few studies have assessed either clinical depression
and breast cancer risk or clinical depression/personality traits and cancer risk in gen-
eral but have presented results separately for breast cancer or hormone-related cancers
(Kaplan and Reynolds, 1988; Friedman, 1994; Knekt et al., 1996; Penninx et al., 1998;
Hjerl et al., 1999; Gallo et al., 2000; Jacobs and Bovasso, 2000; Schapiro et al., 2001,
2002; Dalton et al., 2002).
The first of the two personality and breast cancer studies was published in 1988 (Hahn
and Petitti, 1988). As part of the Walnut Creek Contraceptive Drug Study (San Fran-
cisco, USA), the authors reported on 8,932 women who had completed the Minnesota
Multiphasic Personality Inventory at baseline in 1968-1970 and were followed for breast
cancer via computer-stored hospital discharge records until 1982. The authors specifi-
cally looked at the depressiveness, repression/sensitization and lie scales and reported
no differences in the standardized mean scores for depressiveness and repression/
sensitisation between the 117 women diagnosed with breast cancer and the rest of the
women and only a small difference for the mean lie score (cases 4.3, non-cases 3.9, p =
0.05). Relative risks were reported only for depressiveness. After adjustment for age,
nulliparity, obesity and prior hysterectomy, the continuous depressiveness score was
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not related to breast cancer risk. When the score was dichotomized, women with higher
scores had a relative risk of 1.5 compared with those with lower scores, but the result
was not statistically significant (95% CI 0.9-2.5).
The second personality study was published by Bleiker et al. in 1996. This was based
on all female residents of the Dutch city of Nijmegen aged 43 years or older who were
mailed a personality questionnaire in 1989-1990 at which time they were invited to
participate in a population-based breast cancer screening programme. A total of 9,705
women (only 34% of those approached) returned the questionnaire, and 131 of them
were diagnosed with breast cancer between 1989 and 1994. A nested case-control de-
sign was applied, and up to six controls were matched to each case by age. The ques-
tionnaire, which had been constructed for use in this study, assessed the following
personality traits: anxiety, anger, depressiveness, rationality, anti-emotionality, under-
standing, optimism, emotional expression-in, emotional expression-out and emotional
control. No relationships with breast cancer were observed other than the weak one for
anti-emotionality (OR adjusted for family history of breast cancer and parity = 1.19,
95% CI 1.05-1.35).
The lack of a relationship between depressiveness and risk of breast cancer reported by
Hahn and Petitti (1988) and Bleiker et al. (1996) is supported by one large Danish
record-linkage study on clinical depression and breast cancer risk (Hjerl et al., 1999)
and a few prospective cohort/record-linkage studies on depressiveness/clinical depres-
sion and cancer risk in general which present results separately for breast cancer (Kaplan
and Reynolds, 1988; Friedman, 1994; Knekt et al., 1996; Penninx et al., 1998; Dalton
et al., 2002) (Table 8). Notably, the Danish study (Hjerl et al., 1999), including 66,648
women with psychiatric admission for affective or neurotic disorders, found no evi-
dence of increased incidence of breast cancer in this cohort as a whole or within vari-
ous diagnostic subgroups as compared with the national incidence rates adjusted for
age and calendar year.
In contrast, two small cohort studies (Gallo et al., 2000; Jacobs and Bovasso, 2000),
both conducted within the Baltimore Epidemiologic Catchment Area sample, USA,
suggested that clinical depression increases breast cancer risk (Table 8). One of these
reported the OR of breast cancer to be 14 (p < 0.001) in relation to chronic depression
with severe episodes having occurred at least 20 years before breast cancer hospitaliza-
tion (Jacobs and Bovasso, 2000); the other, based on a 13-year follow-up, observed a
3.8-fold breast cancer risk (95% CI 1.0-14.2) among women with major depression at
baseline compared with those with no signs of depression or dysphoric mood (Gallo et
al., 2000). However, the results of these two studies might have been affected by inad-
equate case ascertainment (e.g. self-report data) and loss to follow-up (about 35% in
Gallo et al., 2000).
As for extroversion and neuroticism, a recent study of 1,031 Danish persons followed for
cancer for 20 years reported that extroversion and neuroticism, as assessed with the Eysenck
Personality Inventory, were not associated with the risk of hormone-related cancers (re-
sult based on 27 cases of cancers of the breast, corpus uteri, ovary and prostate) (Schapiro
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et al., 2001). Supporting these findings are the results of another recent Danish study
reporting no relationship between psychic vulnerability (a construct resembling neuroti-
cism) and risk of hormone-related cancers (Schapiro et al., 2002).
To sum up the epidemiological findings on personality and breast cancer risk, several
case-control studies published through the end of the 1990s suggested that breast can-
cer risk was affected by personality, most often the suppression of emotions, but the
two recent methodologically more sophisticated case-control studies reported no rela-
tionship for various personality characteristics. All prospective cohort and record-link-
age studies except the two from Baltimore, USA, agree fairly well on the absence of a
relationship between depressiveness/clinical depression and breast cancer risk. The
prospective cohort/record-linkage studies, however, provide scarce data about other
personality factors, thus leaving the overall epidemiological evidence of personality
and breast cancer risk incomplete. What is completely lacking is prospective data on
breast cancer risk in relation to extroversion, neuroticism and type A behaviour, char-
acteristics implicated in the theories of cancer-prone personality.
3.5 Other psychological factors and risk of breast cancer
In addition to stress and personality, the other classes of psychological factors hypoth-
esized to affect breast cancer risk are childhood family environment, coping style and
social support. At present, relatively few valid epidemiological data exist either to
support or to disprove these hypotheses. Based on a meta-analysis of ten case-control
studies on childhood family environment (e.g., the quality of relationships with par-
ents) and breast cancer risk, McKenna et al. (1999) reported that the two are unrelated.
One prospective cohort study (Bleiker et al., 1996, [Table 8]) found no relationship
between an undefined measure of social support and breast cancer risk and three case-
control studies (Cooper et al., 1986 [Table 7]; Edwards et al., 1990 [Table 7]; Price et
al., 2001a [Table 3]) reported no relationship for availability and/or quality of social
support. In a review published in 2000, Butow et al. concluded that the findings for
coping style and breast cancer risk are inconsistent. They cited, for example, one small
case-control study (Chen et al., 1995 [Table 3]) which, contrary to the expectations of
the investigators, revealed that women who reported coping with stress of adverse life
events by confrontation and focusing on the problem had a 3.1-fold (95% CI 1.18-
8.19) increased risk of breast cancer compared with women who used other coping
mechanisms. However, one large case-control study published subsequent to the re-
view reported no differences between cases and controls in terms of problem- and
emotion-focused coping styles (Price et al., 2001b).
As complex interactions are known to exist between individual psychological factors
in eliciting a stress response, some investigators have questioned the relevance of in-
vestigating the independent role of such factors in breast cancer risk and have called
for a more theoretical approach. Hilakivi-Clarke et al. (1993), for instance, proposed a
model in which the interactions between life event stress, personality and social sup-
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port influence an individual’s ability to cope with stress, which in turn affects the risk
of breast cancer.
Empirically, such interactions have relatively seldom been tested. In 1993, however,
Cooper and Faragher combined their years of research on psychological factors and
breast cancer. Using pre-diagnostically obtained self-reports of 2,163 English women
on the occurrence of past life events, personality and coping strategies, the authors
carried out separate factor analyses for each of the three scales and identified 18 fac-
tors. When the effect of age was controlled for, the 171 women subsequently diag-
nosed with breast cancer did not differ from those with no breast disease in relation to
any other factors but reported less ‘property-related’ events, experienced ‘birth/mar-
riage-related’ events as more severe and were less able to express anger.
More recently, a well-conducted Australian study by Price et al. (2001a) tested the
hypothesis that breast cancer risk would be affected not by life events alone but in the
presence of ‘vulnerability factors’ (emotional control, social support, coping style),
i.e., factors considered to increase or decrease the impact of life events without any
individual effect on breast cancer risk. While no interactions between life events, emo-
tional control and coping style were observed, women with a highly threatening stres-
sor and without intimate emotional support, i.e., a life partner, had a nine-fold increase
in risk of breast cancer. Though statistically significant, this result was based on a
rather small sample of women, most of whom had been recently divorced or widowed.
3.6 Suggested biological mechanisms between psychological factors and
breast cancer
At present, there is no compelling evidence for any biological mechanism through
which psychological factors could enhance the development of breast cancer. How-
ever, several such mechanisms have been suggested (Hilakivi-Clarke et al., 1993; Cohen
and Herbert, 1996; Hilakivi-Clarke, 1997); most of these implicate the immune system
and/or the hormonal milieu. Support for a mediating role of immune system comes
from studies (reviewed in Cohen and Herbert, 1996) showing that various measures of
stress and personality, such as self-perceived distress of spousal care-givers of demen-
tia patients (Esterling et al., 1994), recent major life events (Schleifer et al., 1983;
Irwin et al., 1987), depressiveness/clinical depression (Irwin et al., 1987; Petitto et al.,
1992) and alexithymia (Dewaraja et al., 1997), are associated with deteriorated cellular
immune responses; decreased natural killer cell activity, in particular, has been sug-
gested to impair immune surveillance against cancer (Herbeman and Ortaldo, 1981;
Cohen and Herbert, 1996). Nevertheless, no direct evidence indicates that the stress-
related immunological alterations are of the type and magnitude that could influence
tumour growth (Cohen and Rabin, 1998). Furthermore, the role of impaired immune
surveillance in the aetiology of breast cancer is contradicted by epidemiological find-
ings showing that immunosuppressed women do not have higher than average risk of
breast cancer (Kinlen et al., 1985; Birkeland et al., 1995; Stewart et al., 1995).
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A hormonal mechanism between psychological factors and risk of breast cancer could
involve stress- and emotion-related disruptions in the functions of the neuroendocrine
axes (such as the hypothalamic-pituitary-gonadal axis), which in turn can lead to changes
in blood concentrations of various hormones including oestrogens, progesterone, pro-
lactin and melatonin (Hilakivi-Clarke et al., 1993; Reed and Ghilchik, 1996; Hilakivi-
Clarke, 1997; Panzer, 1998). Oestrogens, in particular, are likely to have an important
role in breast carcinogenesis (Key and Verkasalo, 1999; Key et al., 2001). Neverthe-
less, the direct effects of psychological factors on the various hormonal parameters and
the exact hormonal milieu relevant to the development of breast cancer are at present
poorly defined.
An indirect mechanism (Holland, 1990) that could mediate the potential effects of
stress, emotions and personality factors on the risk of breast cancer is women’s own
behaviour in stressful life situations and in an attempt to resolve emotional problems
and relieve feelings of anxiety and depression. Such behaviour may include smoking,
increased food intake leading to obesity, increased alcohol intake and decreased lei-
sure-time physical activity (Colby et al., 1994; Steptoe et al., 1996; Carney et al., 2000).
These might, in turn, affect the risk of breast cancer.
Lastly, the relationship between psychological factors and risk of breast cancer might
be attributed to a third factor, perhaps genetic or hormonal, that predisposes to both
conditions (Bleiker et al., 1996; Hilakivi-Clarke, 1997). Some indirect support for this
idea can be found in the animal studies by Hilakivi-Clarke and coworkers (cited in
Hilakivi-Clarke, 1997) in which mice and rats that had been exposed in utero to a high-
fat diet experienced a high incidence of breast tumours and were anti-emotional in
adulthood.
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4. AIMS OF THE STUDY
This study prospectively investigated the relationship between psychological stress,
personality and risk of breast cancer.
The specific aims were to evaluate:
1. Breast cancer risk in relation to two dimensions of psychological stress, i.e.,
self-perceived stress of daily activities and occurrence of life events.
2. Breast cancer risk in relation to five dimensions of personality, i.e., life satisfac-
tion, neuroticism, extroversion, type A behaviour and hostility.
3. Whether reasonable combinations of the aforementioned stress and personality
factors affect breast cancer risk.
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5. MATERIALS AND METHODS
5.1 The Finnish Twin Cohort Study
The study subjects were members of the Finnish Twin Cohort Study, an epidemiologi-
cal research project specifically designed to examine the genetic, environmental and
psychosocial determinants of chronic diseases. In 1974, the cohort was compiled from
the Central Population Register, which includes all Finnish citizens, by selecting sets
of individuals satisfying the following criteria: 1) the same birth date, 2) the same sex,
3) the same surname at birth, 4) the same local community of birth and 5) born before
1958 (Kaprio et al., 1978, 1979). Non-twin subjects satisfying the selection criteria
were identified and excluded from the cohort by procedures described elsewhere (Kaprio
et al., 1978, 1979).
Three large-scale questionnaire surveys covering demographics, health behaviour,
medical history and psychosocial factors were conducted in the study (Figure 1). The
baseline questionnaire was mailed to all cohort members in 1975; the overall response
rate was 89%. The first follow-up questionnaire was sent to the same twins in 1981
(individual response rate 84%). In 1990, the second follow-up questionnaire was sent
to twins born between 1930 and 1957 (individual response rate 77%).
The representativeness of the twin cohort has been studied by comparing the 1975
questionnaire respondents with the general adult Finnish population with respect to the
distributions of sex, age, marital status, place of residence and social class (Kaprio et
al., 1979). Other than being somewhat younger and more likely to be single and resid-
ing in rural areas, the cohort members were found to be representative of the general
population.
Assessment of stress and personality
Assessment of stress and personality, based on the 1975 and 1981 questionnaires, con-
sisted of seven measures (Figure 1). In terms of the theoretical framework (Table 9),
the assessment of stress covered both the self-perception of stress and the occurrence
of stressors; personality assessment addressed central components of the most com-
mon theories of human personality (Bouchard and Loehlin, 2001) and/or those of the
theories of cancer-prone personality (Kissen and Eysenck, 1962; Temoshok, 1987).
The individual stress/personality measures are described briefly below and given in
full in the appendix.
Stress of daily activities (Study I) was assessed by the respondent’s own judgement
about how well, on a four-point scale, the four items measuring (i) feelings of tension
and nervousness, (ii) stress or (iii) demands associated with daily activities and (iv)
daily mental and physical exhaustion described her (Korkeila et al., 1998; Räihä et al.,
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FIGURE 1. Overview of data collection and study design. 
 
 
The Finnish Twin Cohort Study:                                  Follow-up from 1976 to 1996: 
  - 13,176 female subjects                                                  - 258,550 person-years of observation 
    aged ≥18 years                                                               - Finnish Cancer Registry: 270 breast cancers (mean age at 
diagnosis 57.3 years, SD* 13.7 years) 
 
 
 
   1975 1981  1990 1996 
   Baseline  First follow-up  Second follow-up 
questionnaire questionnaire                       questionnaire 
   
Study variables 
 
1) Stress/personality 
 
Stress of daily activities  x x 
Life satisfaction  x x 
Neuroticism   x x 
Extroversion   x x 
Type A behaviour  x x 
Hostility    x 
Life events    x 
 
2) Covariates 
 
Age† 
Zygosity   x 
Social class   x 
Age at first full-term pregnancy† x 
Number of children†  x 
Use of oral contraceptives  x x 
Weight   x x  x 
Height   x x  x 
Alcohol use   x x  x 
Smoking   x x 
Physical activity  x x 
 
* SD, standard deviation. 
† Birth years of the subjects and their children (the latter only if not given in the 1975 questionnaire and for the period 
from 1976 to 1981) were obtained from the Central Population Register. 
1998). The American version of this scale was originally developed by Reeder and
colleagues in the 1960s for use in the Los Angeles Heart Study (Reeder et al., 1968,
1973). We calculated the overall stress score as the sum of the four items (possible
range 4-16).
Life satisfaction (Study II), according to Allardt, measures one’s satisfaction with life
based on the fit between personal goals and achievements, and reflects aspects of
depressiveness (Koivumaa-Honkanen et al., 2000, 2001). The scale includes four items:
1) interest in life, 2) happiness of life, 3) general ease of living and 4) loneliness, each
rated on a four/five-point scale in terms of intensity. The overall score was calculated
as the sum of the four items (possible range 4-20, with increasing score indicating
decreasing life satisfaction).
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TABLE 9. Theoretical framework of the assessment of stress and personality. 
Theoretical construct 
 
Stress/personality measure 
 
Stress 
 
  
 Self-perceived stress 
 
Stress of daily activities 
 Stressor Life events 
 
 
 
Personality  
  
 Five factor model of personality  
  I) Neuroticism 
-Anxiety 
-Vulnerability 
-Depression 
-Hostility, etc. 
Neuroticism 
Life satisfaction 
Hostility 
  II) Agreeableness  
  III) Conscientiousness  
  IV) Extroversion Extroversion 
  V) Openness  
  
 Cancer-prone personality  
  
  According to Kissen and Eysenck (1962) 
 
Low neuroticism 
High extroversion 
 
 
Neuroticism 
Extroversion 
    
  According to Temoshok (1987) 
 
Helplessness/hopelessness 
Suppression of emotions 
A tendency to defer one’s own needs to  
the needs of others 
 
 
 
Type A behaviour 
Neuroticism (Study II) and extroversion (Study III) were assessed by ten and nine items,
respectively, in the short form of the widely known Eysenck Personality Inventory
(Floderus, 1974; Viken et al., 1994). The overall score for neuroticism ranged from 0 to
10 and for extroversion from 0 to 9.
Type A behaviour (e.g., time-urgency, ambitiousness, competitive drive; Study III) was
defined using an abbreviated version of the Bortner Type A scale including seven items
rated on a five-point scale, the overall score ranging from 7 to 35 (Bortner, 1969;
Koskenvuo et al., 1981).
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Hostility (Study III) was assessed with a factor-analytically constructed measure in-
cluding three items – irritability, ease of anger arousal and argumentativeness – each
rated on a five-point scale (Koskenvuo et al., 1988; Romanov et al., 1994). The overall
score varied from 5 to 15.
Life events (Study IV) were assessed by a 21-item inventory inquiring about the occur-
rence of prior life events (response alternatives: ‘during the previous six months’, ‘dur-
ing the previous five years’, ‘earlier’ or ‘never’). The number of life events that each
subject had recorded for the five years preceding the questionnaire was summed up to
form a variable indicating the total number of life events (possible range 0-21). Al-
though obviously, all life events are not equal in terms of their potential to cause stress,
we observed that the ‘total number of life events’ variable and the one we formulated
by weighting the life events by their potential to cause stress/life change (according to
the method of Holmes and Rahe [1967] described on page 21) had a high correlation
with each other (r = 0.93), thus providing highly similar results with respect to breast
cancer risk. Therefore, the results concerning the weighted score are not reproduced
here but can be found in Study IV. Perhaps a better way to take into account differences
in the effects of major and minor life events is to analyze the major ones separately.
Thus, we calculated three ‘number of major life events during the past five years’
variables of those ten, eight, and five events in our scale that received the highest
Holmes and Rahe weights (see Table 2 for weights).
The validity and reliability of the stress/personality measures are described in Table
10. No direct data are available for the life event inventory, but similar measures have
been used extensively in life event research. This study’s other stress/personality mea-
sures are either widely known measures or such that they have been validated against
some well-known measure of similar construct (Table 10). As for the reliability, all
TABLE 10. Validity and reliability of the stress and personality measures in the Finnish Twin Cohort Study (unless 
otherwise indicated).  
Reliability Measure Convergent validity 
Internal 
consistency* 
6-year test-
retest reliability 
Predicted health and disease 
outcomes 
Stress of daily activities R = 0.81† 
A Dutch Psychosomatic 
Stress Scale  
0.81 0.47 Mental disorders, long-term weight 
gain, peptic ulcer 
Life satisfaction 
according to Allardt 
R = 0.63 Beck 
Depression Inventory 
0.74 0.40 Mental disorders, suicide, long-
term weight gain, total mortality 
Eysenck neuroticism - 0.73 0.59 Mental disorders, long-term weight 
gain, disease mortality 
Eysenck extroversion - 0.73 0.67 Mental disorders (introversion), 
less weight gain (extroversion) 
Bortner type A behaviour - Not 
applicable 
0.45 Not related to disease 
morbidity/mortality 
Hostility R = 0.62 Spielberger’s 
Trait-Anger scale 
0.79 0.57 (over 9 
years) 
Ischaemic heart disease, accidental 
death, suicidal behaviour, long-
term sickness leave from work‡ 
* Cronbach’s alpha. 
† In a cohort of Dutch male workers (Reeder et al., 1973). 
‡ In a cohort of municipal employees, Finland (Vahtera et al., 1997). 
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Cronbach’s alphas exceed 0.70, and all measures have shown stability over a 6- or 9-
year period (Table 10). Furthermore, many of the measures have predicted health and
disease outcomes in previous studies of the Finnish Twin Cohort (Koskenvuo et al.,
1984, 1988; Kaprio et al., 1987; Romanov et al., 1994; Korkeila et al., 1998; Räihä et
al., 1998; Koivumaa-Honkanen et al., 2000, 2001) and elsewhere (Vahtera et al., 1997)
(Table 10).
Assessment of covariates
Covariate assessment was mainly based on the 1975 and 1981 questionnaires (Figure
1). We obtained information about the following (potential) breast cancer risk factors:
age, zygosity, social class, age at first full-term pregnancy, number of children, use of
oral contraceptives, weight, height, alcohol use, smoking and physical activity. Zygos-
ity was determined on the basis of two questions on similarity of childhood appear-
ance, a method which has been validated by using eleven blood markers in a subsample
of 104 twin pairs (Sarna et al., 1978). Social class was defined by years of education
and physical activity at work (Romanov et al., 1996). Body mass index was calculated
as weight (in kilograms) divided by height (in metres) squared. In a subsample of the
Finnish Twin Cohort, self-reported weights have previously been shown to be highly
correlated with measured weights (Korkeila et al., 1998). The amount of alcohol (grams)
consumed monthly was calculated from the frequency and quantity of beer, wine and
hard liquor consumption (Romanov et al., 1987). Physical activity in leisure-time took
into account the frequency, duration and intensity of exercise (Kujala et al., 1998).
Subjects and their baseline characteristics in Studies I-IV
The 13,176 female twins who returned the 1975 baseline questionnaire or whose zy-
gosity could be defined by other means (e.g., a briefer questionnaire) formed the source
population for the stress of daily activities (Study I), life satisfaction (Study II), neu-
roticism (Study II), extroversion (Study III) and type A behaviour (Study III) study
cohorts. As data on hostility (Study III) and life events (Study IV) were not collected
until the 1981 questionnaire, these study cohorts were formulated based on the 11,069
women who returned the 1981 questionnaire. Excluding subjects with missing responses
on the stress/personality variable of interest, the numbers of subjects in Studies I-IV
ranged from 10,519 (stress of daily activities, Study I) to 12,032 (life satisfaction,
Study II).
Table 11 provides the baseline characteristics of the 10,519 women who formed the
stress of daily activities cohort (Study I). The mean age of these women was 34.8 years
(standard deviation 14.3 years, range 18.0-95.5 years). Those who did not respond to
the 1975 stress of daily activities scale (n = 2,657) were older (mean age 45.2 years)
and more often blue-collar workers than the respondents but, after adjustment for age
differences, did not remarkably differ from the respondents with respect to any other
baseline characteristics (Table 11).
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The baseline characteristics of the life satisfaction, neuroticism, extroversion and type
A behaviour study cohorts were similar to those of the stress of daily activities study
cohort (data not shown). Given the hostility and life events study cohorts were formed
according to questionnaire responses in 1981, the study subjects were on average six
years older than those in the stress of daily activities cohort, but the age-adjusted distri-
butions of the baseline characteristics (data not shown) were rather similar to those in
the stress of daily activities cohort presented in Table 11.
TABLE 11. Baseline characteristics of the women in the stress of daily activities cohort and of those  
who did not respond to stress of daily activities in the 1975 questionnaire. 
Characteristic  Study cohort (N = 10,519) Non-respondents (N = 2,657) 
Age at baseline (years)     
 Mean (standard deviation) 34.8 (14.3)  45.2 (16.4)  
  Crude % Age-adjusted 
% 
Crude % Age-adjusted 
% 
 <40 
40−49 
50−59 
60−69 
≥70 
69.8 
13.5 
9.3 
5.6 
1.9 
 41.6 
18.9 
16.9 
15.2 
7.4 
 
Zygosity     
 Monozygotic 
Dizygotic  
33.1 
66.9 
33.0 
67.0 
31.1 
68.9 
30.8 
69.2 
Social class     
 Blue-collar 
Intermediate 
White-collar 
32.6 
62.4 
5.0 
34.6 
60.7 
4.8 
53.0 
46.6 
0.4 
48.1 
51.1 
0.7 
Age at first full-term pregnancy (years)     
 <25 
≥25 
58.8 
41.2 
60.0 
40.0 
54.2 
45.8 
62.1 
37.9 
Number of children     
 0 
1−2 
≥3 
45.9 
38.2 
15.9 
44.3 
38.2 
17.5 
39.9 
38.5 
21.6 
39.2 
42.3 
18.4 
Use of oral contraceptives     
 Never 
Ever 
64.7 
35.3 
67.0 
33.0 
80.4 
19.6 
68.5 
31.5 
Body mass index (kg/m2 )     
 <25 
25−29 
≥30 
80.1 
16.1 
3.9 
77.8 
17.7 
4.4 
62.0 
29.9 
8.0 
70.9 
23.5 
5.6 
Alcohol use (g/month)     
 0 
1−399 
≥400 
24.1 
70.0 
5.9 
26.0 
68.4 
5.6 
44.3 
52.0 
3.7 
35.2 
60.0 
4.9 
Smoking     
 Non-smoker 
Occasional smoker 
Ex-smoker 
Current smoker 
62.5 
2.5 
10.8 
24.2 
64.3 
2.5 
10.4 
22.9 
74.6 
2.6 
6.8 
15.9 
67.0 
3.0 
8.7 
21.4 
Physical activity     
 Sedentary 
Occasional exerciser 
Conditioning exerciser 
15.8 
78.0 
6.2 
16.3 
77.9 
5.8 
26.3 
71.2 
2.5 
24.4 
72.1 
3.5 
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5.2 Follow-up and identification of cases of breast cancer
The follow-up was from the exposure assessment (either the 1975 or the 1981 ques-
tionnaire) until the date of diagnosis of breast cancer, emigration, death or the end of
the follow-up period (31 December 1996), whichever came first (Figure 1).
With the permission of the Ministry of Social Affairs and Health, women diagnosed
with breast cancer were identified from the files of the nation-wide, population-based
Finnish Cancer Registry (Figure 1) using a unique personal identification number as-
signed to everyone residing in Finland. The Finnish Cancer Registry has collected data
on all cases of cancer diagnosed in Finland since 1953 (Finnish Cancer Registry, 2002).
It receives notifications of cancer patients independently from several sources, includ-
ing hospitals, practising physicians, pathological laboratories and death certificates.
Since 1961, reporting of cancer cases has been mandatory. The coverage of breast
cancer registration is almost 100% (Teppo et al., 1994).
Dates of death and emigration were obtained by a record-linkage to the Central Popu-
lation Register. The birth years of children, if not given in the 1975 questionnaire and
for the period from 1976 to 1981, were also obtained from the Central Population
Register.
5.3 Statistical methods
The relationship between stress/personality and risk of breast cancer was examined by
using the standard cohort analysis (Studies I-IV) as the main approach and the nested
case-control analysis within twin pairs discordant for breast cancer (Studies II-IV) as a
complementary one as follows:
Cohort analysis
Cox proportional hazards models (Cox, 1972) were used to estimate the hazard ratios
(HR) and their 95% CIs for breast cancer, the latter adjusted for possible intra-pair
correlations of the twin data. The adherence of the stress/personality factors to the
assumption of the proportional hazards was confirmed.
The stress/personality factors were investigated both as continuous variables and
categorical variables using the following predetermined cut-off points: stress of daily
activities (4, 5-11, 12-16) (Kaprio et al., 1987; Korkeila et al., 1998), life satisfaction
(4-6, 7-11, 12-20) (Koivumaa-Honkanen et al., 2000), neuroticism (0-2, 3-6, 7-10)
(Korkeila et al., 1998), extroversion (0-2, 3-6, 7-9) (Korkeila et al., 1998), type A
behaviour (5-19, 20-25, 26-35), hostility (3-5, 6-10, 11-15) (Koskenvuo et al., 1988;
Romanov et al., 1994), total number of life events (tertiles, used only in the descriptive
statistics) and number of major life events (0, 1, 2, 3 or more); the individual life events
were analysed as dichotomous variables (‘within the past five years’ vs. ‘never/earlier’).
48 Materials and methods
Table 12 shows mean stress and personality scores and the distribution of subjects in
the categories given above. The main analyses were based on stress/personality factors
measured at the first available measurement occasion only, that is, either in 1975 or in
1981, depending on the exposure being examined (Figure 1).
All analyses were adjusted for age, as either a continuous (Studies III and IV) or cat-
egorical (10-year age groups, Table 11; Studies I and II) variable. In Study IV, consid-
ering age as a continuous variable was particularly important since life events corre-
lated strongly with age (r = -0.37), whereas in other Studies age acted as a weaker
confounder such that it made no difference to the results whether age was modelled as
continuous or categorical. Subsequent analyses examined the potential confounding/
effect mediating effects of the following factors (categorization given in Table 11):
zygosity, social class, age at first full-term pregnancy, number of children, use of oral
contraceptives, body mass index, alcohol use, smoking and leisure-time physical ac-
tivity. In addition, controlling for availability of social support and family history of
breast cancer was attempted in Study IV by using 1981 questionnaire data on marital
status (unmarried vs. married) and data on breast cancer in one’s co-twin coupled with
1981 questionnaire data on health of family members, respectively. In the analyses of
individual life events, we also adjusted for the total number of life events. The covariate
data for the main analyses came, when available, from the same questionnaire provid-
ing the initial data on the stress/personality factor being examined (Figure 1).
The following additional analyses were performed to examine the relationship between
stress/personality and risk of breast cancer as thoroughly as possible:
1) Examination of different follow-up periods to determine whether the relationship
between stress/personality and risk of breast cancer might vary over time (Studies
I, III, IV; Lillberg et al., unpublished data)
2) Analysis of stress of daily activities (Lillberg et al., unpublished data), life satisfac-
tion (Study II) and neuroticism (Study II) as time-dependent variables in the Cox
TABLE 12. Mean stress and personality scores and the distribution of subjects in the stress and personality categories 
used in subsequent analyses.  
% distribution Stress/personality factor  
(potential score range) 
Mean (SD*) 
Lowest category Intermediate 
category 
Highest category  
Stress of daily activities (4-16) 7.2 (2.8) 23 68 9 
Life satisfaction (4-20)† 8.7 (2.9) 20 62 18 
Neuroticism (0-10) 4.7 (2.5) 21 52 27 
Extroversion (0-9) 4.0 (2.5) 32 49 19 
Type A behaviour (5-35) 22.8 (3.3) 15 66 19 
Hostility (3-15) 7.3 (3.0) 31 52 17 
Total life events (0-21) 4.0 (2.7) Tertiles 
5 major life events (0-5)‡ 0.7 (0.7) 45 43 11 2 
* SD, standard deviation. 
† Increasing score indicates decreasing life satisfaction. 
‡ The five major life events, chosen on the basis of the life event weights of the Holmes and Rahe (1967) scale, are 
death of husband, divorce/separation, personal illness or injury, death of close relative or friend and loss of job. The 
percentages given correspond to the categories of 0, 1, 2 and 3 or more major life events, respectively.  
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models using the 1975 and 1981 questionnaire data to account for potentially rel-
evant changes in their levels over time.
3) Determination of the levels of neuroticism (Lillberg et al., unpublished data) extro-
version (Study III) and type A behaviour (Study III) as the average of the 1975 and
1981 reports to decrease measurement error (based on the assumption that these
factors are stable over time and no relevant changes occur; neuroticism might be
expected to change somewhat over time and, therefore, the analysis described in
point 2 was also performed).
4) Analysis of potential confounding factors as time-dependent variables (Studies II-
IV; Lillberg et al., unpublished data) in the Cox models using the 1975 and 1981
questionnaire data (Study IV: 1981 and 1990 data) to account for potential changes
in their levels over time.
5) Analysis of potential confounding factors as continuous variables to reduce the
possibility of residual confounding (Study IV).
6) Examination of breast cancer risk in relation to reasonable combinations of stress/
personality factors to account for potential confounding, effect mediating and joint
effects between these factors (Studies II-IV, Lillberg et al., unpublished data). Thus,
we examined models which simultaneously included multiple stress/personality
factors, tested two-way interactions between reasonable variables and formulated
the following combined variables: a combined distress indicator (a summary vari-
able of the three-category stress of daily activities, life satisfaction and neuroticism
variables, range 0-9), extroversion-neuroticism (four-category variable formed us-
ing the two-by-two tables defined by the median cut-off points of both variables),
extroversion-hostility (four-category variable formed as defined above) and extro-
version-type A behaviour (four-category variable formed as defined above).
We also performed sensitivity analyses, which excluded women with a diagnosis of
first primary breast cancer prior to the beginning of follow-up, and analyses of interac-
tion between each of the stress/personality factors and menopausal status (the age of 50
years was taken as an arbitrary cut-off point between pre- and postmenopausal status
and analysed as a time-dependent variable). The former analyses produced results similar
to those of the main analyses, and the latter showed no statistically significant interac-
tion between any of the stress/personality factors and menopausal status; therefore,
these results are not presented here (Lillberg et al., unpublished data).
A power analysis (EGRET SIZ) indicated that the sample size of the study was ad-
equate for detecting moderate HRs of breast cancer by a stress/personality factor. For
example, the study had the possibility of obtaining a HR of 1.5 (α = 0.05 and power =
0.80) between the highest and lowest categories of neuroticism (Study II).
Discordant pair analysis
The relationship between stress/personality and risk of breast cancer was further stud-
ied within twin pairs discordant for breast cancer. Cases were twins who were diag-
nosed with breast cancer during the follow-up and their co-twins who remained free of
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breast cancer until the end of follow-up were used as controls. Thus, the study design
inherently matched the cases to controls by age, genetic factors (monozygotic twins
totally, dizygotic twins on average half) and other familial factors. Conditional logistic
regression (Breslow and Day, 1980) was used to estimate ORs and 95% CIs of breast
cancer.
The results of the discordant pair analyses are most informative when interpreted si-
multaneously with those of the cohort analyses. For example, if the cohort analyses
indicated a positive relationship between a stress/personality factor and risk of breast
cancer and the analyses within twin pairs a lack of such a relationship, the overall
results would be compatible with the existence of genetic or other familial factors
predisposing both to the stress/personality factor and breast cancer. Similar results from
both methods of analysis would suggest that familial factors do not play a substantial
role in the relationship between stress/personality and risk of breast cancer.
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6. RESULTS
The results of the discordant pair analyses are given in section 6.6. All of the other
results given below are from the cohort analyses.
6.1 Stress, personality and selected subject characteristics (Studies I-IV)
The correlations of the stress/personality factors with age and the age-adjusted correla-
tions between the stress/personality factors are given in Table 13. The number of total
life events reported for the previous five years was the only stress/personality factor
that correlated substantially, though negatively, with age (r = -0.37). The highest age-
adjusted correlations between the stress/personality factors were observed for stress of
daily activities, life satisfaction and neuroticism (0.34 ≤ r ≥ 0.42), suggesting that they,
to some extent, tap similar aspects of self-perceived psychological stress/strain. The
correlations between the remaining stress/personality factors did not exceed 0.30 (Table
13). The five major life events, in particular, appeared to be a distinct stress/personality
factor with very low correlations with the other factors (although, as expected, it corre-
lated substantially with total life events, r = 0.45) (Table 13).
TABLE 13. Age-adjusted correlations between stress and personality factors*.  
 Stress of 
daily act. 
Life 
satisfaction† 
Neuroticism Extroversion Type A 
behaviour 
Hostility Total life 
events 
5 major 
life events 
Age 0.023 0.092 -0.10 -0.061 -0.082 -0.14 -0.37 0.065 
Stress of 
daily act. 
 0.34 0.42 -0.17 0.10 0.26 0.23 0.057 
Life 
satisfaction† 
  0.37 -0.25 -0.039 0.17 0.15 0.079 
Neuroticism    -0.26 0.038 0.29 0.14 0.052 
Extroversion     0.21 -0.087 0.059 0.033 
Type A 
behaviour 
     0.17 0.14 0.034 
Hostility       0.086 -0.013 
* Some of the correlation coefficients given here slightly differ from those in the original publications because  
the latter were not adjusted for age. For some of the variables: Lillberg et al., unpublished data.  
† An increasing score indicates decreasing life satisfaction. 
Table 14 gives selected baseline characteristics of the subjects by levels of the stress/
personality factors. The clearest pattern was the general increase in mean alcohol con-
sumption and in the proportion of current smokers with increasing levels of the stress/
personality factors; the magnitude and direction of the differences in the levels of the
remaining characteristics were less uniform across the stress/personality factors.
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6.2 Subject characteristics and risk of breast cancer (Study I)
As shown in Table 15, the characteristics increasing breast cancer risk were increasing
age, dizygosity (vs. monozygosity), older age at first full-term pregnancy and use of
oral contraceptives. The risk was decreased in women who had given birth to three or
more children compared with those with no children. Body mass index did not influ-
ence the risk of breast cancer, not even when analysed by menopausal status (Lillberg
et al., unpublished data). Also, none of the other health behaviour indicators (alcohol
use, smoking, physical activity) was related to breast cancer risk.
TABLE 14. Selected characteristics of the study subjects by stress and personality factors*.  
Stress/personality 
factor (score/no. of 
life events) 
White-
collar % 
Age at 
first birth 
No. of 
children 
Ever use 
of OC % 
BMI
† 
Alcohol use 
(g/month) 
Current 
smoking % 
Conditioning 
exerciser % 
1975 questionnaire 
Stress of daily activities 
No (4) 
Some (5-11) 
Severe (12-16) 
 
3.8 
5.7 
2.9 
 
24.3 
24.5 
23.8 
 
1.2 
1.2 
1.3 
 
32.7 
36.0 
35.4 
 
22.5 
22.4 
22.6 
 
105 
125 
143 
 
22.7 
23.5 
33.3 
 
6.0 
6.1 
4.0 
Life satisfaction 
Satisfied (4-6) 
Intermediate (7-11) 
Dissatisfied (12-20) 
 
6.1 
4.0 
4.2 
 
24.9 
24.4 
24.1 
 
1.2 
1.3 
1.1 
 
36.5 
33.4 
29.3 
 
22.6 
22.7 
22.5 
 
122 
111 
132 
 
20.1 
23.1 
28.4 
 
8.0 
5.2 
4.5 
Neuroticism 
Low (0-2) 
Intermediate (3-6) 
High (7-10) 
 
6.0 
4.7 
2.9 
 
24.6 
24.5 
24.0 
 
1.3 
1.3 
1.3 
 
31.5 
34.2 
34.6 
 
22.6 
22.6 
22.7 
 
95 
113 
145 
 
17.2 
21.9 
30.9 
 
7.8 
5.6 
4.5 
Extroversion 
Low (0-2) 
Intermediate (3-6) 
High (7-9) 
 
4.9 
4.0 
4.9 
 
24.5 
24.4 
24.2 
 
1.3 
1.3 
1.3 
 
32.6 
32.8 
36.9 
 
22.5 
22.7 
22.8 
 
99 
121 
140 
 
19.2 
23.3 
30.3 
 
4.5 
5.5 
8.0 
Type A behaviour 
Low (5-19) 
Intermediate (20-25) 
High (26-35) 
 
4.3 
4.5 
5.8 
 
24.1 
24.4 
24.4 
 
1.1 
1.3 
1.4 
 
27.8 
34.2 
39.8 
 
22.6 
22.6 
22.5 
 
105 
116 
144 
 
21.6 
23.6 
25.2 
 
6.8 
5.7 
5.7 
1981 questionnaire 
Hostility 
Low (3-5) 
Intermediate (6-10) 
High (11-15) 
 
7.9 
7.0 
7.3 
 
24.6 
24.7 
24.5 
 
1.5 
1.6 
1.6 
 
42.1 
45.3 
46.1 
 
23.1 
23.1 
23.2 
 
106 
119 
131 
 
18.5 
19.5 
21.2 
 
8.5 
7.0 
5.5 
Total life events 
Lowest tertile (0-2) 
Middle tertile (3-4) 
Highest tertile (≥5) 
 
4.4 
8.1 
10.3 
 
24.3 
24.5 
24.8 
 
1.4 
1.5 
1.5 
 
40.7 
47.3 
51.7 
 
23.1 
22.9 
22.8 
 
107 
117 
139 
 
17.4 
20.1 
23.2 
 
6.5 
8.3 
8.1 
5 major life events 
0 
1-2 
≥3 
 
8.9 
7.6 
3.6 
 
24.8 
24.4 
23.8 
 
1.5 
1.5 
1.6 
 
47.3 
48.1 
56.4 
 
22.8 
23.0 
23.6 
 
120 
122 
161 
 
19.1 
20.9 
35.7 
 
8.2 
7.4 
3.4 
* All values are means unless otherwise indicated. Means and percentage distributions are adjusted for age. These 
values, therefore, slightly differ from those in the original publications, which were not adjusted for age. For some of 
the variables: Lillberg et al., unpublished data.  
† BMI, body mass index. 
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6.3 Stress of daily activities, life satisfaction, neuroticism and risk of
breast cancer (Studies I and II)
Stress of daily activities was not related to breast cancer risk either as a continuous or
three-category variable (Table 16). This held true both for the age-adjusted and multi-
variable-adjusted models, which produced rather similar risk estimates. Life satisfac-
tion and neuroticism were also not related to breast cancer risk; and again, the age-
TABLE 15. Age-adjusted and multivariable-adjusted hazard ratios (HR) and their 95% confidence intervals  
(95% CI) for breast cancer by baseline characteristics in the stress of daily activities cohort, 1976-1996. 
Characteristic No. of breast 
cancers 
Age-adjusted HR  
(95% CI) 
Multivariable HR  
(95% CI)* 
Age at baseline (years) 
<40 
40-49 
50-59 
60-69 
≥70 
 
97 
44 
32 
21 
11 
 
1.00 
2.43 (1.69-3.48) 
2.79 (1.86-4.18) 
4.00 (2.48-6.46) 
9.96 (5.37-18.5) 
 
1.00 
2.58 (1.69-3.95) 
3.18 (1.86-5.44) 
4.61 (2.61-8.15) 
10.6 (5.08-21.9) 
Zygosity 
Monozygotic 
Dizygotic  
 
51 
154 
 
1.00 
1.51 (1.08-2.10) 
 
1.00 
1.50 (1.06-2.12) 
Social class 
Blue-collar 
Intermediate 
White-collar 
 
81 
112 
12 
 
1.00 
0.98 (0.71-1.34) 
1.44 (0.77-2.69) 
 
1.00 
0.93 (0.67-1.31) 
1.13 (0.56-2.29) 
Age at first full-term 
pregnancy (years) 
<25 
≥25 
 
 
55 
74 
 
 
1.00 
1.62 (1.13-2.31) 
 
 
1.00 
1.54 (1.05-2.25) 
Number of children 
0 
1-2 
≥3 
 
76 
93 
36 
 
1.00 
1.21 (0.89-1.66) 
0.79 (0.51-1.22) 
 
1.00 
1.09 (0.79-1.52) 
0.64 (0.40-1.02) 
Use of oral contraceptives 
Never 
Ever 
 
135 
65 
 
1.00 
1.39 (0.99-1.94) 
 
1.00 
1.49 (1.04-2.15) 
Body mass index (kg/m2 ) 
<25 
25-29 
≥30 
 
139 
48 
14 
 
1.00 
1.13 (0.78-1.64) 
1.28 (0.72-2.27) 
 
1.00 
1.11 (0.76-1.62) 
1.23 (0.66-2.32) 
Alcohol use (g/month) 
0 
1-399 
≥400 
 
64 
130 
11 
 
1.00 
0.92 (0.67-1.26) 
1.13 (0.59-2.18) 
 
1.00 
0.76 (0.54-1.06) 
1.07 (0.54-2.14) 
Smoking 
Non-smoker 
Occasional smoker 
Ex-smoker 
Current smoker 
 
146 
6 
21 
32 
 
1.00 
1.26 (0.56-2.86) 
1.11 (0.69-1.78) 
0.79 (0.53-1.18) 
 
1.00 
1.25 (0.55-2.87) 
0.97 (0.59-1.61) 
0.70 (0.45-1.10) 
Physical activity 
Sedentary 
Occasional exerciser 
Conditioning exerciser 
 
25 
169 
6 
 
1.00 
1.46 (0.96-2.22) 
0.81 (0.33-1.99) 
 
1.00 
1.35 (0.88-2.07) 
0.78 (0.32-1.91) 
*Adjusted for all factors in the table except age at first full-term pregnancy. Results for age at first full-term pregnancy 
include parous women only.   
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TABLE 16. Age-adjusted and multivariable-adjusted hazard ratios (HR) and their 95% confidence intervals (95% CI)  
for breast cancer by stress and personality factors, 1976-1996. 
Level of stress/personality factor 
(score) 
No. of women No. of breast 
cancers 
Age-adjusted HR 
(95% CI) 
Multivariable HR 
(95% CI)* 
Stress of daily activities 
No (4) 
Some (5-11) 
Severe (12-16) 
 
Continuous score† 
 
 
2,422 
7,171 
926 
 
10,519 
 
48 
142 
15 
 
205 
 
1.00 
1.20 (0.85-1.67) 
0.89 (0.50-1.59) 
 
1.02 (0.90-1.16) 
 
1.00 
1.11 (0.78-1.57) 
0.96 (0.53-1.73) 
 
1.04 (0.91-1.20) 
Life satisfaction 
Satisfied (4-6) 
Intermediate (7-11) 
Dissatisfied (12-20) 
 
Continuous score† 
 
 
2,402 
7,505 
2,125 
 
12,032 
 
46 
146 
46 
 
238 
 
1.00 
0.89 (0.63-1.24) 
0.98 (0.65-1.47) 
 
0.98 (0.86-1.12) 
 
1.00 
0.92 (0.64-1.31) 
1.03 (0.66-1.56) 
 
0.99 (0.86-1.14) 
Neuroticism 
Low (0-2)  
Intermediate (3-6)  
High (7-10)  
 
Continuous score† 
 
 
2,513 
6,247 
3,181 
 
11,941 
 
56 
129 
51 
 
236 
 
1.00 
1.04 (0.75-1.43) 
0.83 (0.57-1.21) 
 
0.90 (0.80-1.02) 
 
1.00 
1.02 (0.72-1.43) 
0.82 (0.55-1.22) 
 
0.91 (0.79-1.02) 
Combined distress indicator‡ 
Low (3-5) 
Intermediate (6) 
High (7-9) 
 
4,145 
3,249 
3,013 
 
84 
66 
54 
 
1.00 
1.10 (0.79-1.52) 
0.95 (0.67-1.34) 
 
1.00 
1.11 (0.79-1.55) 
0.96 (0.67-1.37) 
* Adjusted for the effects of age, zygosity, social class, number of children, use of oral contraceptives, body mass index, 
alcohol use, smoking and physical activity. Further adjustment for age at first full-term pregnancy among parous 
women did not change the results.  
† Hazard ratios in relation to a standard deviation change in the continuous scores. 
‡ A summary variable of the three-category stress of daily activities, life satisfaction and neuroticism variables.  
adjusted results were not materially altered when the additional potential confounding
factors were entered into the model (Table 16). The results for stress of daily activities,
life satisfaction and neuroticism did not seem to vary over time or according to the
length of follow-up, as no relationships were observed either for the early or late part
of the follow-up (1976-1986 and 1987-1996, respectively) (Table 17).
There was no indication that any changes in the baseline levels of stress of daily activi-
ties, life satisfaction and neuroticism and the potential confounding factors over time
could have affected our results, as Cox models updating the 1975 baseline data with the
data from the 1981 questionnaire produced results similar to those using the baseline
data alone (Table 17).
When stress of daily activities, life satisfaction and neuroticism were entered into the
same Cox model, none of them (while controlling for the effects of the others) was
associated with breast cancer risk (results not shown). Moreover, no evidence existed
of any two-way interaction between the three characteristics (0.34 ≤ p ≥ 0.86), suggest-
ing that such combinations do not have any impact on breast cancer risk (Lillberg et al.,
unpublished data). Further, when using the combined measure of the three, the com-
bined distress indicator, the HRs were very similar across the score tertiles (Table 16).
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TABLE 17. Change in the hazard ratios for breast cancer by stress and personality factors in a number of subanalyses*. 
Follow-up† Stress/personality 
factor Early 
part 
Late 
part 
Stress/personality, time-
dependent, 1975 and 1981 
Stress/ 
personality, mean 
of 1975 and 1981 
Covariates, 
time-
dependent 
Covariates, 
continuous 
Stress of daily 
activities 
↔ ↔    ↔ ‡ •    ↔ ‡ • 
Life satisfaction ↔ ↔ ↔ • ↔ • 
Neuroticism ↔ ↔ ↔    ↔ ‡ ↔ • 
Extroversion ↔ ↔ • ↔ ↔ • 
Type A behaviour ↔ ↔ • ↔ ↔ • 
Hostility ↔ ↔ • • • • 
Total life events  ↑ ↔ • • ↔ ↔ 
5 major life events ↑ ↓ • • ↔ ↔ 
Death of husband • • • • ↔ ↔ 
Divorce/separation • • • • ↔ ↔ 
Death of close 
relative or friend 
• • • • ↔ ↔ 
* ↑, Increase in the hazard ratio compared with that obtained from an analysis of the effect of the  
stress/personality factor on breast cancer risk after adjustment for potential confounding factors;  
↓, decrease in the hazard ratio; ↔ , no change in the hazard ratio; • , not analysed. 
† Early part of follow-up, 1976-1986 (1982-1988 for hostility and life events); late part of follow-up,  
1987-1996 (1989-1996 for hostility and life events). For life satisfaction, neuroticism, extroversion, type A behaviour 
and hostility: Lillberg et al., unpublished data. 
‡ Lillberg et al., unpublished data.  
6.4 Extroversion, type A behaviour, hostility, combinations of personality
factors and risk of breast cancer (Study III)
Extroversion was not substantially related to breast cancer risk either as a continuous
or three-category variable (Table 18). Adjustment for potential confounding factors
slightly attenuated the already weak risk estimates (Table 18). There was also no rela-
tionship when the level of extroversion was determined as the average of the 1975 and
1981 reports in order to decrease measurement error or when the potential confound-
ing factors were considered as time-dependent variables (Table 17). No relationship
was observed either for the early or late part of the follow-up (Table 17).
Neither type A behaviour nor hostility was related to the risk of breast cancer in either
the age-adjusted or multivariable-adjusted models (Table 18), and the same held true
for the subanalyses described in Table 17. The type A behaviour item of most a priori
interest, ‘sits on feelings - expresses feelings’, was not related to breast cancer risk
(multivariable HR 1.03, 95% CI 0.93-1.14).
No appreciable effect in the expected direction was noted for any reasonable combina-
tions of the personality factors (Table 19). These combinations examined included ex-
troversion-neuroticism, extroversion-hostility and extroversion-type A behaviour.
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TABLE 18. Age-adjusted and multivariable-adjusted hazard ratios (HR) and their 95% confidence intervals (95% CI)  
for breast cancer by personality factors, 1976-1996*. 
Level of personality factor  
(score) 
No. of women No. of breast 
cancers 
Age-adjusted HR 
(95% CI) 
Multivariable HR 
(95% CI)† 
Extroversion 
Low (0-2) 
Intermediate (3-6) 
High (7-9) 
 
Continuous score‡ 
 
 
3,902 
5,833 
2,274 
 
12,009 
 
68 
130 
38 
 
236 
 
1.00 
1.30 (0.97-1.74) 
1.05 (0.70-1.56) 
 
1.03 (0.90-1.17) 
 
1.00 
1.18 (0.87-1.60) 
0.97 (0.64-1.47) 
 
1.01 (0.88-1.16) 
Type A behaviour 
Low (5-19) 
Intermediate (20-25) 
High (26-35) 
 
Continuous score‡ 
 
 
1,709 
7,416 
2,147 
 
11,272 
 
36 
144 
47 
 
227 
 
1.00 
1.02 (0.70-1.47) 
1.17 (0.75-1.81) 
 
1.08 (0.95-1.23) 
 
1.00 
0.95 (0.65-1.40) 
1.15 (0.73-1.82) 
 
1.10 (0.96-1.26) 
Hostility 
Low (3-5) 
Intermediate (6-10) 
High (11-15) 
 
Continuous score‡ 
 
3,325 
5,518 
1,839 
 
10,682 
 
52 
107 
19 
 
178 
 
1.00 
1.33 (0.95-1.87) 
0.77 (0.46-1.32) 
 
1.00 (0.86-1.16) 
 
1.00 
1.34 (0.96-1.88) 
0.78 (0.46-1.33) 
 
1.01 (0.87-1.17) 
* In the analysis of hostility, the exposure and covariate data were derived from the 1981 questionnaire, and the follow-
up took place from 1982 to 1996. 
† Adjusted for the effects of age, zygosity, social class, number of children, use of oral contraceptives, body mass index, 
alcohol use, smoking and physical activity. Further adjustment for age at first full-term pregnancy among parous 
women did not change the results.  
‡ Hazard ratios in relation to a standard deviation change in the continuous scores. For extroversion: Lillberg et al., 
unpublished data.  
TABLE 19. Age-adjusted and multivariable-adjusted hazard ratios (HR) and their 95% confidence  
intervals (95% CI) for breast cancer by combinations of personality factors, 1976-1996*. 
Level of personality factor  
(score) 
No. of breast 
cancers 
Multivariable HR  
(95% CI)† 
Extroversion (E) and neuroticism (N) assessed in 1975 
 
Low E (0-4) and low N (0-5) 
Low E (0-4) and high N (6-10) 
High E (5-9) and low N (0-5) 
High E (5-9) and high N (6-10) 
 
92 
47 
66 
30 
 
1.00 
0.67 (0.46-0.97) 
0.80 (0.57-1.11) 
1.00 (0.65-1.55) 
Extroversion (E) and type A behaviour (A) assessed in 1975‡ 
 
Low E (0-4) and low A (5-22) 
Low E (0-4) and high A (23-35) 
High E (5-9) and low A (5-22) 
High E (5-9) and high A (23-35) 
 
86 
49 
39 
53 
 
1.00 
1.32 (0.91-1.91) 
0.82 (0.55-1.22) 
1.38 (0.96-1.98) 
Extroversion and hostility (H) assessed in 1981* 
 
Low E (0-4) and low H (3-7) 
Low E (0-4) and high H (8-15) 
High E (5-9) and low H (3-7) 
High E (5-9) and high H (8-15) 
 
55 
44 
42 
36 
 
1.00 
1.01 (0.68-1.51) 
1.03 (0.68-1.54) 
1.46 (0.95-2.24) 
* In the analysis of extroversion and hostility, the exposure and covariate data were derived from the 1981 
questionnaire, and the follow-up took place from 1982 to 1996. 
† Adjusted for age, zygosity, social class, number of children, use of oral contraceptives,  
body mass index, alcohol use, smoking and physical activity. Further adjustment for age at first  
full-term pregnancy among parous women did not change the results. 
‡ Lillberg et al., unpublished data.  
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6.5 Life events and risk of breast cancer (Study IV)
In sharp contrast to the results presented thus far suggesting no relationship between
self-perceived stress, personality and risk of breast cancer, both the accumulation of
life events and single major life events increased the risk (Table 20). The multivari-
able-adjusted risk estimates (referred to in the text below) were generally somewhat
higher than those adjusted for age only (Table 20). This multivariable adjustment in-
cluded, in addition to the ’basic set of variables’, also marital status (taken as an indi-
cator of social support), stress of daily activities, life satisfaction and neuroticism, as
these variables were regarded as potentially important factors between the occurrence
of life events and the resulting psychological reaction in an individual.
As for the total number of life events, each additional life event reported for the past
five years before completion of the 1981 questionnaire increased breast cancer risk by,
on average, about 7%. When the number of life events in the analysis was gradually
restricted to the ten, eight and five life events considered a priori to cause the most
change in one’s life (according to the Holmes and Rahe weights), a clear pattern emerged
towards increasing breast cancer risk with increasing impact of the events (Table 20)
such that each additional life event included in the list of the five major (death of
husband, divorce/separation, personal illness or injury, death of close relative or friend,
loss of job) increased the risk by about 35%. When this result is expressed in terms of
categories, women with one, two, and three or more major life events had multivari-
able HRs of 1.29 (95% CI 0.89-1.87), 1.97 (95% CI 1.23-3.17) and 2.02 (95% CI 0.61-
6.72) (p for trend = 0.005), respectively, compared with women reporting none of the
TABLE 20. Age-adjusted and multivariable-adjusted hazard ratios (HR) and their 95% confidence intervals (95% CI)  
for breast cancer by life events, 1982-1996. 
Life event variable  No. of women No. of breast 
cancers 
Age-adjusted HR 
(95% CI) 
Multivariable HR 
(95% CI)* 
Total life events† 
10 major life events† 
8 major life events† 
5 major life events† 
9,569 
9,537 
9,618 
9,288 
149 
149 
150 
145 
1.05 (0.98-1.13) 
1.09 (0.96-1.23) 
1.16 (0.99-1.35) 
1.31 (1.06-1.61) 
1.07 (1.00-1.15) 
1.12 (0.99-1.27) 
1.19 (1.02-1.39) 
1.35 (1.09-1.67) 
Death of husband 
No 
Yes 
 
9,686 
264 
 
180 
11 
 
1.00 
1.64 (0.84-3.19) 
 
1.00 
2.00 (1.03-3.88) 
Divorce/separation 
No  
Yes 
 
9,261 
470 
 
176 
13 
 
1.00 
2.07 (1.16-3.67) 
 
1.00 
2.26 (1.25-4.07) 
Death of close relative or friend 
No 
Yes 
 
5,937 
4,398 
 
98 
105 
 
1.00 
1.44 (1.05-1.96) 
 
1.00 
1.36 (1.00-1.86) 
* Adjusted for the effects of age, zygosity, marital status (except in the analyses of death of husband and 
divorce/separation), social class, number of children, use of oral contraceptives, body mass index, alcohol use, smoking, 
physical activity, stress of daily activities, life satisfaction, neuroticism and total number of life events (only in the 
analyses of individual life events). Further adjustment for age at first full-term pregnancy among parous women did not 
change the results.  
† Hazard ratios in relation to one event increase in the number of life events. Major life events were chosen on the basis 
of the life event weights of the Holmes and Rahe (1967) scale. The ten major life events are death of husband, 
divorce/separation, personal illness or injury, death of close relative or friend, loss of job, change in health of family 
member, gain of new family member, sexual difficulties, financial problems and change to different kind of work. Of 
these, the first five and the first eight life events are the five and eight major life events, respectively. 
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five major events. For both total and major life events, the risk estimates were slightly
higher for the early than for the late part of the follow-up (Table 17).
The three individual life events of major a priori interest, i.e., death of husband, di-
vorce/separation and death of close relative or friend, were all statistically significantly
related to increased risk of breast cancer; the multivariable HRs were 2.00, 2.26 and
1.36, respectively. The risk estimates for the remaining life events were either slightly
elevated, very close to one, or slightly decreased, but the confidence intervals never
excluded one after the multivariable adjustment (results not shown).
Finally, some additional models were run to evaluate whether residual confounding by
obesity/weight change, alcohol use and physical inactivity could explain the life event
results, but no evidence was found for this (Table 17).
6.6 Stress and personality in twin pairs discordant for breast cancer
(Studies II-IV)
The results of the analyses within twin pairs discordant for breast cancer (Table 21)
supported those obtained from the cohort analyses. Thus, no statistically significant
relationship with breast cancer was observed for any of the following variables: stress
of daily activities, life satisfaction, neuroticism, the combined measure of these three,
extroversion, type A behaviour and hostility. The life event variables were related to
increased risk of breast cancer also within twin pairs and with even higher risk esti-
mates than in the cohort analyses, although all of them were not statistically significant
(Table 21).
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TABLE 21. Odds ratios (OR) and their 95% confidence intervals (95% CI) for breast  
cancer by stress and personality factors among twin pairs discordant for breast cancer, 1976/82-1996*.  
Level of stress/personality factor  
(score) 
Crude OR 
(95% CI)† 
Adjusted OR 
(95% CI)‡ 
Stress of daily activities 
No (4) 
Some (5-11) 
Severe (12-16) 
 
1.00 
1.03 (0.55-1.92) 
0.86 (0.35-2.16) 
 
1.00 
0.72 (0.34-1.55) 
0.58 (0.19-1.79) 
Life satisfaction 
Satisfied (4-6) 
Intermediate (7-11) 
Dissatisfied (12-20) 
 
1.00 
1.13 (0.62-2.06) 
1.51 (0.65-3.50) 
 
1.00 
1.03 (0.54-1.97) 
1.69 (0.68-4.17) 
Neuroticism 
Low (0-2)  
Intermediate (3-6)  
High (7-10)  
 
1.00 
1.16 (0.69-1.94) 
1.05 (0.53-2.08) 
 
1.00 
1.25 (0.70-2.21) 
1.13 (0.53-2.40) 
Combined distress indicator§ 
Low (3-5) 
Intermediate (6) 
High (7-9) 
 
1.00 
1.22 (0.71-2.12) 
1.23 (0.67-2.26) 
 
1.00 
1.06 (0.55-2.03) 
1.49 (0.70-3.16) 
Extroversion 
Low (0-2) 
Intermediate (3-6) 
High (7-9) 
 
1.00 
1.32 (0.83-2.11) 
1.22 (0.64-2.34) 
 
1.00 
1.41 (0.83-2.41) 
1.20 (0.57-2.52) 
Type A behaviour 
Low (5-19) 
Intermediate (20-25) 
High (26-35) 
 
1.00 
1.01 (0.57-1.78) 
1.44 (0.70-2.96) 
 
1.00 
1.20 (0.63-2.31) 
1.90 (0.84-4.32) 
Hostility 
Low (3-5) 
Intermediate (6-10) 
High (11-15) 
 
1.00 
0.69 (0.38-1.25) 
0.49 (0.19-1.26) 
 
1.00 
0.72 (0.36-1.44) 
0.51 (0.16-1.61) 
 
Total life events (continuous score) 
5 major life events (continuous score) 
Death of husband (no/yes) 
Divorce/separation (no/yes) 
Death of close relative or friend (no/yes) 
 
1.10 (0.97-1.24) 
1.59 (1.06-2.37) 
2.50 (0.49-12.9) 
3.67 (1.02-13.1) 
1.71 (0.89-3.31) 
 
1.14 (0.99-1.32) 
1.88 (1.12-3.13) 
3.19 (0.36-27.9) 
6.72 (1.38-32.8) 
2.35 (1.05-5.24) 
* In the analyses of hostility and life events, the exposure and covariate data were derived from the  
1981 questionnaire and cases of breast cancer were from the period 1982-1996. With respect to the  
other factors, the 1975 questionnaire provided the exposure and covariate data and cases of breast  
cancer were from the period 1976-1996. 
† The study design inherently includes adjustment for age as well as controlling  
for genetic and other familial factors. 
‡ Further adjusted for the effects of social class, number of children, use of oral contraceptives,  
body mass index, alcohol use, smoking and physical activity.  
§ A summary variable of the three-category stress of daily activities, life satisfaction and neuroticism variables. 
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7. DISCUSSION
The results do not support the existence of an important role for self-perceived stress or
personality in the aetiology of breast cancer, but risk appears to be increased by both
accumulation of life events and occurrence of single major life events such as death of
a husband. The null findings have a direct bearing on women’s quality of life by dimin-
ishing breast cancer-related worry. The life event findings are intriguing, particularly
in light of the possibility that life events may be a marker of some as yet unknown but
potentially modifiable life-style characteristic that increases risk of breast cancer.
In general terms, epidemiological investigation of the relationship between stress, per-
sonality and breast cancer risk is challenging due to the complexity in conceptualizing
and assessing psychological factors and due to the complex and life-style-related aeti-
ology of the disease. From a psychological point of view, it may be appealing to em-
pirically test the theoretical constructs suggesting that it is the interaction between
stress, personality and other psychological factors, rather than any of these individu-
ally, which is the crucial factor in affecting breast cancer risk (Temoshok, 1987; Hilakivi-
Clarke et al., 1993; Butow et al., 2000). In epidemiological studies, such an approach
is, however, of limited value given the methodological difficulty in evaluating compli-
cated interaction patterns, the limited public health importance of obtaining data on
combinations that are rare within populations and, finally, the lack of reliable epide-
miological data on even the simplest plausible hypotheses. Thus, what appears to be
most needed is data on relevant individual stress/personality factors and accurate as-
sessment of these independently of breast cancer diagnosis. Ideally, this assessment
should be based on repeated measurements over time, as a woman’s usual level of
stress/personality over a longer period, if any, can be assumed to be the relevant expo-
sure affecting breast cancer risk. Detailed assessment of other subject characteristics
and life-style factors is also of critical importance given the multifactorial aetiology of
the disease, and a particular challenge is to differentiate between the proposed inde-
pendent effects of stress/personality and those reflecting broader life-style patterns.
7.1 Material and methodological considerations
This study took advantage of two nation-wide, population-based data sources of estab-
lished high quality: the Finnish Twin Cohort Study and the Finnish Cancer Registry.
The members of the twin cohort provided detailed data on stress, personality and breast
cancer risk factors in the health questionnaires of 1975 and 1981, both of which had
high response rates (89% and 84%, respectively) (Kaprio et al., 1978). The Finnish
Cancer Registry (Teppo et al., 1994; Finnish Cancer Registry, 2002) provided practi-
cally complete data on cases of breast cancer in the study cohort during a follow-up
from 1976 to 1996. A power analysis indicated that the resulting sample size was ad-
equate for detecting moderate differences in breast cancer risk by stress/personality.
Thus, the prerequisites for conducting this study were fulfilled.
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We assessed stress/personality factors that have been suggested to be relevant with
respect to breast cancer risk in previous epidemiological studies and/or are implicated
in the psychological theories of cancer/disease-proneness. Their assessment was based
on valid and reliable self-report measures (Table 10 [limited data on life events, see
text below]), and repeated measurements were available. However, some degree of
random measurement error is inevitable in any epidemiological study assessing stress/
personality and would most likely attenuate results towards the null value. Neverthe-
less, that the observed null associations of this study (Studies I-III: stress of daily ac-
tivities and the personality measures) reflect true null associations rather than obscured
positive/negative effects is strongly supported, in particular, by the features listed be-
low and analyses specifically undertaken to address this issue (hereafter the discussion
pertains only to the cohort analyses unless otherwise indicated):
1) Previous research within the Finnish Twin Cohort has shown that the stress/person-
ality measures of this study are prospectively associated with other health out-
comes and diseases (Table 10; it is, however, acknowledged that the level of accu-
racy required for the assessment of any stress/personality variable to detect asso-
ciations varies among diseases).
2) Analysing the stress/personality measures both as continuous and categorical vari-
ables produced null results.
3) Determining the level of personality, which is in essence expected to remain stable
over time, as the average of the 1975 and 1981 reports produced null results.
4) Analysing as time-dependent variables those stress/personality factors in the levels
of which relevant changes might occur over time produced null results.
Life events were assessed and analysed using standard approaches in life event re-
search. The existing data on the reliability of self-report life event inventories suggest
considerable fall-off in reporting of life events over time (on average about 5% per
month) (Funch and Marshall, 1984; Paykel, 1987). However, the rate of fall-off varies
considerably according to the saliency of the events (Funch and Marshall, 1984;
Glickman et al., 1990). One study (Funch and Marshall, 1984), for example, reported
that major life events (i.e., marriage, birth of child, death of spouse and divorce) showed
very little, if any, fall-off over time, whereas the somewhat less salient events had some
(e.g., retirement, family death) to severe (e.g., death of friend, illness in family mem-
ber) fall-off. These data, coupled with the lack of repeated life event assessment in the
present study, suggest that our relative risks of breast cancer in relation to life events
were underestimated, though probably less so for death of a husband and divorce/
separation. Unfortunately, we had no direct means of quantifying such effects.
That this study examined a wide range of potential confounders was important, espe-
cially because stress and personality are known to relate to other life-style factors known
or suggested to affect the risk of breast cancer (e.g., weight, alcohol use, smoking).
Such relationships are, however, complex; it is difficult to determine which factor pre-
cedes others, and the relationships may vary both in magnitude and direction by a
particular stress/personality factor, from person to person and between populations,
e.g., distressed people might have either an increased or decreased dietary intake (lead-
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ing to increased/decreased weight) depending on various background characteristics.
Thus, it is unclear which factors act as true confounders and which are in a mediating
pathway between stress/personality and risk of breast cancer, and even the direction of
such effects cannot be determined a priori.
We directly adjusted for age, zygosity, social class, number of children, age at first
birth, use of oral contraceptives, body mass index, alcohol use, smoking and physical
activity. These covariate data have been validated in previous studies of the Finnish
Twin Cohort (Sarna et al., 1978; Romanov et al., 1987, 1996; Korkeila et al., 1998;
Kujala et al., 1998), and the present study was able to detect associations between
established breast cancer risk factors (e.g., age, age at first birth, number of children)
and risk of breast cancer. While no meaningful differences were observed between the
age-adjusted and multivariable-adjusted breast cancer risk estimates in the analyses of
stress/personality factors other than life events, multivariable adjustment tended to
slightly increase the risk estimates for life events. All of the results remained the same
when the 1975 (1981 in Study IV) baseline levels of those potential confounding/effect
mediating factors that can be expected to change over time (e.g., weight) were updated
with the 1981 questionnaire data (1990 data in Study IV). Taken together, none of the
adjustment factors (with the exception of age) was an important confounder or an ef-
fect mediator of the relationship between stress/personality factors other than life events
and risk of breast cancer; as for life events, no clear-cut explanation could be found for
why the adjustment somewhat increased the risk estimates.
As family history of breast cancer might positively confound a relationship between
stress/personality and risk of breast cancer, we attempted to indirectly control for its
effect in Study IV, which reported a positive relationship between life events and risk
of breast cancer. Excluding breast cancer cases from twin pairs concordant for breast
cancer and subjects who reported a prior history of ‘change in health of family mem-
ber’ produced similar results to those without the exclusions, suggesting no appre-
ciable confounding by family history.
No data on ages at menarche and menopause and hormone replacement therapy were
available. However, the magnitude of confounding by ages at menarche and meno-
pause is likely to be negligible, as they are rather weak risk factors for breast cancer in
terms of the effect sizes (Collaborative Group on Hormonal Factors in Breast Cancer
1997; Hunter et al., 1997). Furthermore, they may not a priori be expected to be strongly
related to stress and personality factors. Hormone replacement therapy is unlikely to
have confounded the results to a substantial degree since it was not commonly used in
Finland prior to the 1980s (Topo et al., 1991) and most of the study subjects were
premenopausal at the time that stress and personality were assessed.
Further evidence against the possibility of confounding in general came from the analyses
within twin pairs discordant for breast cancer which produced results similar to those
of the cohort analyses. In particular, the discordant pair analyses indirectly controlled
for a number of known and unknown factors (e.g., genetic factors, childhood social
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class and diet) that might plausibly be related to both stress/personality and risk of
breast cancer but for which direct adjustment is generally difficult to achieve.
Within the stress and personality factors, it is unclear which factors might confound or
mediate the effects of the others on the risk of breast cancer. We considered self-per-
ception of stress of daily activities, life satisfaction, neuroticism and marital status (as
an indicator of social support) as theoretically important variables between the occur-
rence of life events and the resulting psychological reaction of an individual, and thus,
adjusted for their effects in the analyses of life events. This adjustment did not, how-
ever, attenuate the life event risk estimates.
In sum, confounding is unlikely to have explained the absence of relationships between
stress of daily activities, life satisfaction, neuroticism, extroversion, type A behaviour,
hostility and the risk of breast cancer since (i) adjustment for the potential confounding
factors (with the exception of age) did not appreciably alter the results, and (ii) it seems
implausible that the factors that could not be controlled for might have introduced collec-
tive negative confounding of such magnitude that a substantial excess risk would have
been totally cancelled out. As for life events, the possibility that the rather weak breast
cancer risk estimates in relation to the total number of life events, though probably under-
estimated due to measurement imprecision in the assessment of life events, were due to
residual confounding cannot be ruled out. On the other hand, the substantial risk in-
creases in relation to single major life events and the accumulation of major life events
are hardly explainable by uncontrolled confounding by the known risk factors, but the
possibility of the existence of unknown confounders should be kept in mind.
Theoretically, detection bias might occur if the use of mammography differed between
distressed and non-distressed women, which would result in a higher likelihood of diag-
nosing breast cancers more frequently and earlier in the more examined group. In the
present study, a specific question was whether the start-up of the biannual mass screening
programme by mammography for 50- to 59-year-old Finnish women in 1987 (Hakama et
al., 1997), i.e., in the middle of our follow-up period, could have affected study results.
Such a possibility seems, however, unlikely, because the screening programme has an
almost 90% attendance rate, and we obtained similar results from follow-up periods be-
fore and after its introduction. Furthermore, neuroticism, a personality trait known to be
related to healthcare-seeking behaviour (Costa and McCrae, 1987), being unrelated to
breast cancer risk argues against the possibility that increased use of mammography due
to frequent medical check-ups could have affected any of our results.
Given the design of our study, recall bias was obviously not an issue, and, by examin-
ing separately only the late part of the follow-up, we confirmed that the findings of an
increased risk of breast cancer in relation to life events were not due to increased re-
porting or occurrence of life events as a result of pre-clinical disease. Selection due to
non-response is unlikely to have affected our results given the high response rates to
the health questionnaires and the finding that women who chose not to respond to the
stress/personality measures being examined had similar age-adjusted rates of breast
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cancer (and similar age-adjusted distributions of baseline subject characteristics with
the exception of social class) compared with those who did respond.
With regard to the generalizability of our results, the question arises of whether twins
in general and the subjects of this twin cohort in particular are representative of the
general population in terms of the characteristics examined. As for the general subject
characteristics, previous research within the Finnish Twin Cohort has shown that the
cohort members are representative of the adult Finnish population, although somewhat
younger and more likely to be single and residing in rural areas (Kaprio et al., 1979);
research within other populations has indicated that twins do not differ from other
people with respect to their personalities, psychopathology and life-style characteris-
tics (Andrew et al., 2001; Johnson et al., 2002). That such characteristics may, how-
ever, correlate between twins in a pair was taken into account by adjusting the confi-
dence intervals of the hazard ratios for the possibility of intra-pair correlations.
As for the twins’ risk of breast cancer, it has been suggested that twins in general and
dizygotic twins in particular might have an increased risk of the disease due to theoreti-
cally relevant differences in intrauterine characteristics between twin and singleton preg-
nancies (Shibata and Minn, 2000). Within the cohort of the present study, Verkasalo et al.
(1999) reported that monozygotic twins had a decreased risk of breast cancer compared
with dizygotic twins (relative risk = 0.78, 95% CI 0.58-1.0), but the risk for dizygotic
twins did not differ from that of the general population (Verkasalo et al., 1999). However,
this should not have affected our results because they were adjusted for zygosity. The
observation of relationships between breast cancer risk factors and risk of breast cancer is
consistent with current knowledge about the aetiology of breast cancer and suggests that
the underlying mechanism of the development of breast cancer may not critically differ
between twins and singletons; lack of convincing epidemiological and experimental evi-
dence from other studies (Shibata and Minn, 2000) to indicate otherwise points in the
same direction. On these grounds, we assume that the findings of the present study, since
internally valid, can be extrapolated to the general female population.
7.2 Interpretation of results and consistency with previous research
In interpreting the overall study findings, it is essential to take into consideration how
psychological stress and personality were conceptualized and how the individual stress/
personality factors were related to each other. Stress was conceptualized in terms of self-
perceived stress of daily activities and the occurrence of life events – two dimensions
which had relatively little in common both theoretically and empirically. Indeed, while
the stress of daily activities scale captured the subject’s self-perception of stress and
emphasized both psychological and physical reactions – thus being fairly consistent with
the general definition of stress and had a rather stable character, the life event inventory
assessed the occurrence of life events, i.e., environmental stressors which only theoreti-
cally have the potential to cause stress. Personality was used as a non-specific term for
measures reflecting enduring attitudinal, behavioural and personality characteristics,
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thus encompassing, in addition to the pure personality measures (i.e., neuroticism, ex-
troversion and hostility), also life satisfaction and type A behaviour. Empirical correla-
tions confirmed the theoretical suggestions that the life event variables were relatively
distinct from all of the other variables; stress of daily activities, life satisfaction and
neuroticism, in particular, appeared to tap similar aspects of psychological stress/strain.
On these grounds, the findings that life events but none of the other stress/personality
factors were related to breast cancer risk suggest internal consistency, allowing a uni-
fying interpretation that stable and intra-individual aspects of psychological stress/
strain and personality and the way one perceives these dispositions are not related to
the risk of breast cancer, whereas distinct life changes, independently of the way one
reacts to them psychologically and behaviourally, increase the risk.
Though internally consistent, these findings seem rather surprising from a psychologi-
cal point of view which proposes that a subject’s self-perception of psychological stress/
strain and the way one copes with stress are more important characteristics in deter-
mining disease predisposition than the occurrence of life events per se (Thoits, 1995;
Karren et al., 2002). One question that then arises is whether this study’s life event
variables correlate closely with other psychosocial/life-style factors than those we as-
sessed which might themselves be related to breast cancer risk. We speculate that one
such factor could be lack of social support, as some of the life events, in particular
those that we found to be most strongly related to breast cancer risk, i.e., death of a
husband, divorce/separation and death of a close relative or friend, can be assumed to
represent substantial disturbances in one’s social network.
As has become clear by now, our main emphasis was on testing the simple yet plau-
sible hypotheses of relationships between individual stress/personality factors and risk
of breast cancer. Even so, we did not ignore the psychological plausibility of interac-
tive effects between individual psychological factors and related hypotheses raised by
previous researchers, and also assessed the effects of reasonable combinations of the
stress/personality factors on breast cancer risk. However, no evidence of the existence
of such interactions was found. Not even the women who perceived their overall psy-
chological well-being as being very poor (i.e., those with severe stress in daily life,
high life dissatisfaction and high neuroticism) were at increased risk of breast cancer,
and no combination of personality characteristics, not even that of low neuroticism and
high extroversion, which has previously been proposed to be of importance (Kissen
and Eysenck, 1962), was related to the risk.
As the theoretical model of personality and cancer-proneness by Temoshok (1987) was
developed in the 1980s, i.e., long after this study was initiated and our personality
measures selected, we could not directly evaluate it and its main elements: helpless-
ness/hopelessness, suppression of emotions, and a coping style characterized by a ten-
dency to defer one’s own needs to the needs of others. Nevertheless, our results provide
some indirect empirical support against Temoshok’s theoretical model, as some of our
measures, e.g., the type A behaviour item ‘sits on feelings - expresses feelings’ covered
some important aspects of it.
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When evaluating whether our findings are consistent with those of previous epidemio-
logical investigations, it is noteworthy that most earlier studies have been of the case-
control type and thus cannot exclude the possibility of recall bias, a serious concern in
this area of research due to the wide publicity of the idea that psychological factors
increase (breast) cancer risk. This and the otherwise weak methodologies of most of
the case-control studies led us to regard these studies as hypothesis-raising rather than
hypothesis-testing studies; we therefore concentrated on the previous prospective co-
hort and record-linkage studies when evaluating the consistency of the findings.
As for personality, our findings of the lack of relationship between life satisfaction,
neuroticism, extroversion, type A behaviour and hostility and risk of breast cancer are
in general agreement with the findings of the two other prospective cohort studies that
have to date specifically investigated personality and breast cancer risk (Hahn and
Petitti, 1988; Bleiker et al. 1996). One of these (Bleiker et al. 1996) assessed 10 per-
sonality characteristics, of which depressiveness, anxiety and anger, in particular, re-
sembled the constructs of our study, and found no relationship with breast cancer risk
other than a weak one for anti-emotionality (OR = 1.19, 95% CI 1.05-1.35). The other
study (Hahn and Petitti, 1988) observed no statistically significant relationship be-
tween depressiveness, repression/sensitization and risk of breast cancer. In comparison
with these two studies, our study involved almost twice the number of breast cancer
cases, had a considerably longer follow-up period, assessed more potential confound-
ing factors and, unlike these studies, had a repeated measurement of personality, and
therefore, should have been more capable of detecting any effects of personality.
Neuroticism, extroversion and type A behaviour have not been previously assessed
specifically with respect to breast cancer risk but two recent Danish studies reported
that the two first traits as well as psychic vulnerability (a construct resembling neuroti-
cism) are not associated with the risk of hormone-related cancers (Schapiro et al., 2001,
2002). Additional evidence against the role of depressiveness, in particular, has come
from studies of clinical depression and (breast) cancer risk, which have mostly re-
ported null results for breast cancer (Kaplan and Reynolds, 1988; Friedman, 1994;
Knekt et al., 1996; Penninx et al., 1998; Hjerl et al., 1999; Dalton et al., 2002).
The present study adds considerably to the existing data on personality and breast
cancer risk by generally increasing the credibility of evidence of no major effect of
personality, by extending the neuroticism and extroversion findings of the Danish studies
(Schapiro et al., 2001, 2002) to breast cancer and by providing the first reliable evi-
dence of a lack of relationship between type A behaviour and risk of breast cancer. This
latter finding, in particular, will be reassuring for many, as the type A behaviour mea-
sure captured elements of what people commonly perceive of as health hazards of the
modern way of life, that is, time-urgency, competitiveness and ambitiousness.
As for stress, our findings of a lack of relationship between self-perceived stress of
daily activities and risk of breast cancer cannot be directly compared with results of
earlier studies, as none of these studies have assessed a similar construct. Pointing in
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the same direction, however, are findings from a two-year follow-up analysis within
the Nurses Health Study which indicate no relationship between job strain and breast
cancer risk (Achat et al., 2000). In addition, we are aware of no previous prospective
data on the accumulation of life events, although some case-control studies (e.g.,
Ginsberg et al., 1996) have suggested that such an exposure might increase breast can-
cer risk. Finally, and most interestingly of all, there is a clear discrepancy in the find-
ings concerning single major life events and risk of breast cancer between our study
and all but one of the seven earlier studies of interest (Table 22).
Thus, the only other prospective study that has to date reported a positive relationship
was based on 1,213 women from the Baltimore Epidemiologic Catchment Area Study
and found that maternal death in childhood was related to a 2.6-fold increased risk of
breast cancer in adulthood (Jacobs and Bovasso, 2000). While this risk estimate ac-
cords well with our estimates for death of a husband and divorce/separation (Table 22),
it might reflect a qualitatively diverse exposure given that the study found no relation-
ships for other devastating life events (maternal death in adulthood and paternal death
either in childhood or adulthood). Both this US study and our study were based on self-
reported data on life events, but the studies differed in the definition of the outcome
(breast cancer hospitalization/death vs. incident cases) and its ascertainment (inter-
view/death certificates vs. registry data), and consequently, most likely also in the com-
pleteness of the ascertainment, in favour of the present study.
The remaining six studies on single major life events and breast cancer risk (Table 22),
all of which were based on large numbers of subjects identified by record-linkages,
produced consistent results indicating no increase in breast cancer risk with death of a
husband (Jones et al., 1984; Ewertz et al., 1986; Kvikstad et al., 1994), divorce (Ewertz
et al., 1986; Kvikstad et al., 1994), death of a child (Kvikstad and Vatten, 1996), death
of an adult son (Levav et al., 2000) and cancer in a child (Johansen and Olsen, 1997);
and, as shown in Table 22, some of the risk estimates were even statistically signifi-
cantly different from our own. There are no obvious explanations for the discrepancy
of these findings; both the register-based studies and ours appear methodologically
sound and the characteristics of the study populations and the follow-up periods over-
lap within the studies (Table 22). The record-linkage studies, however, by definition,
differed from ours with respect to the mode of assessment of life events and the covariates
(registry data vs. self-reported), and thus had no possibility of collecting these data in
the same detail as our study (Table 22). Whether these differences could account for
the discrepancy in results remains unknown, but the importance of examining a wide
range of covariates in future investigations is highlighted by our data which show that
had we adjusted for age only we would have failed to detect a statistically significant
risk increase in relation to death of a husband, although we would have found those
related to divorce/separation and death of a close relative or friend.
With regard to biological plausibility, the exact mechanism through which stress and
personality could affect breast cancer risk remains obscure but has been suggested to
involve direct biological pathways through the immune system and/or the hormonal
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milieu and indirect behavioural pathways (Hilakivi-Clarke et al., 1993; Cohen and
Herbert, 1996; Hilakivi-Clarke, 1997). Whether these proposed pathways might be
more plausible for life events than for other aspects of stress/personality is an interest-
ing question given our results, but, if anything, the evidence from experimental studies
in both humans and animals (Baltrusch et al.,1991; Biondi, 1991) suggests that the
reverse is the case, i.e., that self-perception and coping ability might be more important
characteristics in inducing neuroendocrine responses and alterations in immune func-
tion than the occurrence of life events per se. Our results suggest that the effects of life
events are not mediated by obesity, weight gain, alcohol use, smoking or physical inac-
tivity, but some other life-style factors may still be in the mediating pathway. Of re-
cently proposed new breast cancer risk factors, exposure to light at night (Hansen,
2001), particularly if due to sleeping disturbances, may have something to do with the
occurrence of life events.
All in all, we are faced with a highly interesting result of a relationship between life
events and increased risk of breast cancer that is rather strong (HRs were about 2 for
single major life events), internally consistent (all major life events and the accumula-
tion of life events increased risk) and shows dose-response characteristics (HRs for
major life events were stronger than those for minor events) but is somewhat inconsis-
tent with the available epidemiological, theoretical and biological data. Thus, our find-
ings clearly call for confirmation in future well-designed, prospective epidemiological
studies. Moreover, a better understanding is needed of whether it is the life events per
se or some psycho-behavioural correlate of these which is behind the increased risk.
Caution is, however, necessary when interpreting our life event results and, most impor-
tantly, in the public communication of these results. This is so because in the public eye
psychological factors have a strong appeal as important causes of breast cancer, and such
a belief, particularly if encouraged by research, can increase anxiety about breast cancer
in general and may also lead to other undesirable reactions among the public such as
blaming oneself for thinking and behaving in a health-hazardous manner and turning to
questionable mental healing strategies which are likely to do more harm than good.
From this perspective, our findings of no relationship between self-perceived stress
and personality and the risk of breast cancer – which in more general terms and taken
together with previous epidemiological evidence indicate that stable and intra-indi-
vidual aspects of psychological stress/strain and personality and the way one perceives
these dispositions are unlikely to affect the risk of breast cancer – are very reassuring,
indeed. This information should be conveyed to women by physicians and other health
care practitioners and through other channels of health education.
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8. CONCLUSIONS
1. Breast cancer risk was not affected by self-perception of stress of daily activities or
by five personality dimensions, i.e., life satisfaction, neuroticism, extroversion,
type A behaviour and hostility, which together covered a substantial portion of the
main dimensions of human personality. These findings are reassuring to those who
have believed the opposite and have important implications for health care practi-
tioners in terms of conveying this information to women.
2. Both the accumulation of life events and the occurrence of single major life events,
i.e., death of a husband, divorce/separation and death of a close relative or friend,
were related to increased risk of breast cancer. These relationships appeared to be
independent of self-perception of daily stress and adverse personality and were not
mediated by obesity, weight gain, alcohol use, smoking or physical inactivity. Fur-
thermore, the discordant-pair analyses suggested that familial factors are not im-
portant in the relationship between life events and risk of breast cancer. Though
intriguing, the life event findings should be interpreted with caution until repeated
in other well-conducted epidemiological studies. Future studies should further ex-
plore the potential role of an individual’s behavioural and psychological coping
styles in mediating or modifying the effects of life events.
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The statement describes me
(Toteamus pitää paikkansa):
Well Somewhat Poorly Not at all
(Hyvin) (Melko hyvin) (Huonosti) (Ei lainkaan)
In general, I am unusually tense and nervous 1 2 3 4
(Yleensä olen tavattoman jännittynyt ja
hermostunut)
There is a great deal of stress connected 1 2 3 4
with my daily activities (Päivittäiseen
toimintaani liittyy paljon hermojännitystä)
At the end of the day, I am completely exhausted 1 2 3 4
both mentally and physically (Illalla olen aivan
uupunut sekä henkisesti että ruumiillisesti)
My daily activities are extremely trying and 1 2 3 4
stressful (Päivittäiset toimintani ovat kovin
rasittavia ja painostavia)
APPENDIX
Stress and personality measures in English and Finnish (unofficial
translations)
Stress of daily activities (Päivittäisiin toimintoihin liittyvä stressi)
How well do the following statements describe you? Choose the best alternative. The
statement describes you well, somewhat, poorly, not at all. (Kuinka hyvin seuraavat
toteamukset sopivat Teihin nähden? Valitkaa sopivin vaihtoehdoista: Toteamus pitää
paikkansa hyvin, melko hyvin, huonosti, ei lainkaan.)
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Life satisfaction (Elämäntyytyväisyys)
People use different words and phrases to describe their lives. Please answer the fol-
lowing questions according to the way you feel. (Ihmiset käyttävät usein erilaisia sanoja
ja sanontoja omasta elämästään. Pyydämme Teitä seuraavien seikkojen kohdalla
vastaamaan miltä Teistä tuntuu.)
1. Do you feel that your life at the present moment is very interesting, fairly interest-
ing, fairly boring or very boring? (Tuntuuko Teistä siltä, että Teidän elämänne on
juuri nyt hyvin kiinnostavaa, melko kiinnostavaa, melko ikävää vai hyvin ikävää?)
1. Very interesting (Hyvin kiinnostavaa)
2. Fairly interesting (Melko kiinnostavaa)
3. Fairly boring (Melko ikävää)
4. Very boring (Hyvin ikävää)
5. Don’t know (En osaa sanoa)
2. Do you feel that your life at the present moment is very happy, fairly happy, fairly
sad or very sad? (Tuntuuko Teistä siltä, että Teidän elämänne on juuri nyt hyvin
onnellista, melko onnellista, melko onnetonta vai hyvin onnetonta?)
1. Very happy (Hyvin onnellista)
2. Fairly happy (Melko onnellista)
3. Fairly sad (Melko onnetonta)
4. Very sad (Hyvin onnetonta)
5. Don’t know (En osaa sanoa)
3. Do you feel that your life at the present moment is very easy, fairly easy, fairly hard
or very hard? (Tuntuuko Teistä siltä, että Teidän elämänne on juuri nyt hyvin helppoa,
melko helppoa, melko kovaa vai hyvin kovaa?)
1. Very easy (Hyvin helppoa)
2. Fairly easy (Melko helppoa)
3. Fairly hard (Melko kovaa)
4. Very hard (Hyvin kovaa)
5. Don’t know (En osaa sanoa)
4. Do you feel that at the present moment you are very lonely, fairly lonely or not at all
lonely? (Tuntuuko Teistä siltä, että Te juuri nyt olette hyvin yksinäinen, melko
yksinäinen vai ettekö ole lainkaan yksinäinen?)
1. Very lonely (Hyvin yksinäinen)
2. Fairly lonely (Melko yksinäinen)
3. Not at all lonely (Ei lainkaan yksinäinen)
4. Don’t know (En osaa sanoa)
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Neuroticism and Extroversion (Neurotisismi ja Ekstroversio)
In the following, we present some questions that deal with the way people feel and act.
For each question, circle that alternative (yes or no) that best describes the way you
generally feel and act. Don’t think for long time, instead circle the alternative that first
comes to mind. (Seuraavana esitämme muutaman kysymyksen, jotka liittyvät tapaan
tuntea ja toimia. Rengastakaa kunkin kysymyksen kohdalla se vaihtoehto (kyllä tai ei),
joka kuvaa parhaiten Teidän tavallista tapaanne tuntea ja toimia. Älkää miettikö pitkään,
vaan rengastakaa se vaihtoehto, joka tulee Teille ensimmäisenä mieleen.)
No (Ei) Yes (Kyllä)
1. Do you like to have lots of things going on around you? (Pidättekö siitä, että 1 2
ympärillänne on paljon touhua ja ihmisiä?)
2. Are you often uneasy, feeling that there is something you want without knowing it? 1 2
(Onko Teillä usein levoton tunne, että haluatte jotakin, mutta ette tiedä mitä?)
3. Do you almost always have an answer ready when spoken to? (Onko Teillä melkein 1 2
aina “vastaus valmiina“ ihmisten sanoessa Teille jotakin?)
4. Are you sometimes happy or sometimes sad without any special reason? (Oletteko 1 2
joskus iloinen ja joskus surullinen ilman selvää syytä?)
5. Do you prefer to keep to the background in the company of people? (Pysyttelettekö 1 2
tavallisesti huomaamattomana kutsuissa ja muissa tilanteissa, joissa on ihmisiä koolla?)
6. Do you regard yourself as happy and carefree? (Oletteko mielestänne iloinen ja 1 2
huoleton?)
7. Do you often reach decisions too late? (Teettekö päätöksenne usein liian myöhään?) 1 2
8. Do you often feel tired and listless without any special reason? (Tunnetteko itsenne 1 2
usein haluttomaksi ja väsyneeksi, vaikka siihen ei olisi mitään erityistä syytä?)
9. Do you have a lively manner? (Oletteko vilkas ja puhelias?) 1 2
10. Can you quickly describe your thoughts in words? (Osaatteko yleensä pukea 1 2
ajatuksenne nopeasti sanoiksi?)
11. Are you often lost in your thoughts? (Vaivutteko usein omiin ajatuksiinne, 1 2
vaikkakin Teidän oletetaan osallistuvan keskusteluun?)
12. Do you have anything against selling things or asking people for money for some 1 2
charitable purpose? (Olisiko Teistä vastenmielistä kaupitella arpoja tai kerätä ihmisiltä
rahaa johonkin arvostamaanne tarkoitukseen?)
13. Are you extremely sensitive in any respects? (Oletteko joissakin tilanteissa ylen 1 2
herkkämielinen?)
14. Are you ever too restless to sit still? (Tunnetteko olonne joskus niin levottomaksi, 1 2
että ette voi pysyä paikallanne?)
15. Do you have difficulties in falling asleep? (Onko Teidän vaikea “saada unen päästä 1 2
kiinni“ illalla?)
16. Do you keep things to yourself except with good friends? (Oletteko tavallisesti 1 2
pidättyväinen muiden paitsi läheisempien ystävienne parissa?)
17. Do you have any nervous problems? (Onko Teillä hermostollisia vaivoja?) 1 2
18. Do you like to crack jokes and tell funny stories to your friends? (Pidättekö 1 2
sukkeluuksien ja hauskojen juttujen kertomisesta tovereillenne?)
19. Do you usually worry a long time after a distressing incident? (Oletteko mielestänne
huolestunut liian kauan sen jälkeen, kun olette joutunut kiusalliseen tilanteeseen?) 1 2
Neuroticism (Neurotisismi), questions (kysymykset): 2, 4, 7, 8, 11, 13, 14, 15, 17, 19.
Extroversion (Ekstroversio), questions (kysymykset): 1, 3, 5*, 6, 9, 10, 12*, 16*, 18.
* A reversed question, i.e., “no“ response alternative indicates extroverted characteristics. (Kysymys käännetty
eli “ei“ vastausvaihtoehto viittaa ekstroverttisiin piirteisiin.)
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Type A behaviour and Hostility (Tyyppi A käyttäytyminen ja Vihamielisyys)
Everyone has their own view about themselves. We ask you to describe with the words
presented what kind of a person you think you are. The words presented are opposites,
representing traits and characteristics as far away from each other as possible. (Jokaisella
ihmisellä on määrätty kuva itsestään. Pyydämme Teitä kuvaamaan esitettyjen sanojen
avulla, millaisena pidätte itseänne. Sanat ovat vastakohtaisia ja edustavat ääripäitä
jostakin piirteestä tai ominaisuudesta.)
Between the words are five lines. Circle one of the lines nearer the word you think
better describes you. (Sanojen välissä on viisi viivaa. Rengastakaa jokin sanojen välisistä
viivoista lähemmäksi sitä sanaa, jonka katsotte paremmin kuvaavan juuri Teitä.)
Examples (Esimerkkejä):
Cheerful (Hilpeä)         —      —      —      —      — Sad (Surullinen)
This indicates that you are sad. (Tällä tavoin osoitatte olevanne surullinen.)
Blonde (Vaalea)          —      —      —      —      — Brunette (Tumma)
This indicates that you are more blonde than brunette. (Tällä tavoin osoitatte olevanne
enemmän vaalea kuin tumma.)
Please describe yourself as you really see yourself, not by the opinions you think other
people have or how you wish you were. (Vastatkaa avoimesti, millaisena todella pidätte
itseänne, ei sen mukaan, millaisena arvelette muiden Teitä pitävän tai millainen kenties
haluaisitte olla.)
Work fast, do not get caught up in the details. Use the extremes courageously and
choose the middle circle only in cases where both of the characteristics seem to de-
scribe you equally well or poorly. (Työskennelkää nopeasti, älkää takertuko liikaa
yksityiskohtiin. Käyttäkää rohkeasti ääripäitäkin ja merkitkää ympyrä keskimmäiselle
viivalle vain siinä tapauksessa, että molemmat ominaisuudet todella tuntuvat kuvaavan
Teitä yhtä hyvin tai yhtä huonosti.)
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1. Never late (Täsmällinen) — — — — — Casual about appointments
(Epätäsmällinen)
2. Not competitive (Ei kunnianhimoinen) — — — — — Very competitive (Kunnianhimoinen)
3. Rushed (Kiireinen) — — — — — Not rushed (Ei kiireinen)
4. Takes things one at a time (Tapana — — — — — Tries to do many things at a time
ottaa asia kerrallaan) (Tapana tehdä useita asioita
samanaikaisesti)
5. Rarely quarrelsome (Harvoin riitaantuva) — — — — — Quarrelsome (Melko usein riitaantuva)
6. Fast (Nopea) — — — — — Slow (Hidas)
7. “Sits“ on feelings (Taipumuksena — — — — — Expresses feelings (Taipumuksena
peitellä tunteensa) ilmaista tunteensa)
8. Many interests (Useita harrastuksia) — — — — — Few interests (Vähän harrastuksia)
9. Does not get angry easily (Ei suutu — — — — — Gets angry easily (Helposti suuttuva)
helposti)
10. Gets easily irritated (Helposti ärtyvä) — — — — — Doesn’t get irritated (Ei ärry helposti)
Type A behaviour (Tyyppi A käyttäytyminen), questions (kysymykset): 1*, 2, 3*, 4, 6*, 7, 8.
Hostility (Vihamielisyys), questions (kysymykset): 5, 9, 10*.
* A reversed question, i.e., the response alternative most to the left indicates type A behaviour/hostility. (Kysymys
käännetty eli eniten vasemmalla oleva vastausvaihtoehto viittaa tyyppi A käyttäytymiseen/vihamielisyyteen.)
92 Appendix
  This event happened to me (Tapahtuma sattui minulle):
Never During During Earlier
(Ei the last six the last five (Aikai-
ollenkaan) months five years semmin)
(Viimeisen (Viimeisen
puolen viiden
vuoden vuoden
aikana) aikana)
Death of spouse (Aviopuolison kuolema) 1 2 3 4
Death of close relative or friend (Läheisen 1 2 3 4
sukulaisen tai hyvän ystävän kuolema)
Interrupted pregnancy in family (Keskeytynyt 1 2 3 4
raskaus perheessä tai läheisellä henkilöllä)
Change in health of family member (Perheenjäsenen ter- 1 2 3 4
veydentilassa tapahtunut huomattava muutos, ei kuolema)
Sexual difficulties (Vaikeudet sukupuolielämän alueella) 1 2 3 4
Interpersonal conflict at work (Huomattavat vaikeudet 1 2 3 4
esimiehen, työtovereiden tai alaisten kanssa)
Financial problems (Huomattava vaikeutuminen 1 2 3 4
taloudellisessa tilassa)
Gain of new family member (Perheenjäsenten 1 2 3 4
lukumäärän lisääntyminen, esim. lapsen syntyminen,
adoptoiminen, sukulaisen muutto perheeseen)
Change in residence (Asunnon vaihtaminen) 1 2 3 4
Family member leaving home (Perheenjäsenen 1 2 3 4
muutto pois kotoa)
Divorce or separation (Avioero tai asumusero) 1 2 3 4
Serious conflict in close relationship (Välien rikkou- 1 2 3 4
tuminen pitkäaikaisessa ihmissuhteessa, ei avioero)
Loss of a job (Työpaikan menetys) 1 2 3 4
Change to different kind of work (Toisenlaiseen 1 2 3 4
työhön siirtyminen)
Change in number of arguments with spouse (Ristiriitojen 1 2 3 4
huomattava lisääntyminen aviopuolison kanssa, ei avioero)
Increase in responsibilities at work (Vastuun 1 2 3 4
huomattava lisääntyminen työssä)
Increase in amount of work (Työmäärän 1 2 3 4
huomattava lisääntyminen)
Taking a loan (Yli puolta vuosituloa vastaavan 1 2 3 4
lainan ottaminen)
Personal illness or injury (Yli kolmen viikon 1 2 3 4
työkyvyttömyyden aiheuttanut sairaus tai vamma)
Living away from spouse due to work 1 2 3 4
(Aviopuolisosta erillään asuminen työn vuoksi)
Positive change in life (Huomattava myönteinen 1 2 3 4
muutos elämässä)
Life Events (Elämäntapahtumat)
In the following, a number of events that can happen in life are listed. Have any of
these happened to you? (Seuraavassa luetellaan joukko tapahtumia, joita elämässä voi
sattua. Onko Teille sattunut seuraavia tapahtumia?)
